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1 
GENERAL INTRODUCTION 
There are a number of analytical methods available for 
the determination of trace metals in chemical or environmen­
tal samples. However, few of these methods have the desired 
sensitivity, precision, selectivity, and freedom from matrix 
interferences that are necessary for the direct determination 
of trace metals in a sample. Often, a preconcentration step 
is necessary prior to analysis. This provides for both en­
richment and isolation of the analyte of interest. 
The purpose of the present work was to study the concen­
tration and separation of trace metal ions by reversed-phase 
adsorption chromatography. Two different chelating reagents, 
sodium bis(2-hydroxyethyl)dithiocarbamate and 1,3-dimethyl-4-
acetyl-2-pyrazolin-5-one, are used to form neutral, water-
soluble metal chelates. These metal chelates can be concen­
trated from solution by adsorption onto a column containing a 
reversed-phase stationary phase. Analytical methods are pre­
sented for preconcentrating trace metals from solution by low-
pressure adsorption chromatography, separation of trace metals 
by reversed-phase HPLC, and removal of metal ion pollutants 
from industrial wastewater by adsorption. 
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PART I. CONCENTRATION OF METAL IONS BY COMPLEXATION 
WITH SODIUM BIS(2-HYDROXYETHYL)DITHIOCARBAMATE 
AND SORPTION ON XAD-4 RESIN 
3 
INTRODUCTION 
Multielement trace analysis techniques have found in­
creasing use in the analysis of a number of sample matrices 
(1,2). The determination of trace metals usually requires that 
they be separated from the bulk matrix and concentrated prior 
to the actual analysis step. A number of methods have been 
proposed for this purpose, including solvent extraction (3,4), 
chelating ion-exchange resins (5,6), precipitation (7), and 
electrolytic methods (8). By far the most widely used pro­
cedure is based upon the formation of insoluble metal chelates 
followed by extraction into an immiscible organic solvent. 
Solvent extraction techniques suffer from several limitations, 
however, including relatively low concentration factors (20-30 
fold), possible emulsion formation, and increased sample man­
ipulation. In addition, solvent extraction methods are not 
easily automated. 
Concentration methods based upon the reversed-phase ad­
sorption of chelated metals onto a small adsorbent column have 
shown promise in overcoming the limitations of solvent ex­
traction. The sorbed metal chelates can be eluted from the 
column with a water miscible organic solvent. A number of ad­
sorption methods have been published which use chelating re­
agents originally designed for solvent extraction. One problem 
with these is that the metal chelates are often insoluble in 
4 
water, which may cause incomplete adsorption or plugging of the 
adsorbent column (2). The use of chelating reagents which form 
water-soluble, neutral metal complexes but which are strongly 
sorbed onto a hydrophobic resin would solve this problem. This 
approach has been successfully used with N-methylfurohydroxamic 
acid as the chelating reagent and XAD-4 resin as the adsorbent 
(9). 
The purpose of the present work was to prepare a dithio-
carbamate reagent with these same solubility and sorption prop­
erties. Sodium bis(2-hydroxyethyl)dithiocarbamate (designated 
NaHEDC) was selected as the most promising reagent for this 
study. It is easy to prepare and reacts with a number of metal 
ions to form stable chelates. 
The hydroxy groups present in NaHEDC cause its metal 
chelates to be soluble in water at low concentrations. A pro­
cedure has been developed for concentrating metal ions chelated 
with HEDC from solution onto a small column of XAD-4 resin. 
This method, unlike solvent extraction, can easily be automated 
to handle large sample loads with a minimum of manipulation. 
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LITERATURE REVIEW 
Preconcentration of Trace Metals by Adsorption 
A number of reversed-phase adsorption methods have been 
used successfully for the preconcentration of trace metals. 
In order to achieve quantitative retention of trace metals on 
a hydrophobic adsorbent, it is usually necessary to first 
chelate the metals. When chelate-forming compounds are added, 
either soluble or insoluble compounds with the trace metals 
are formed. The soluble compounds are much better adsorbed 
than the metal ions themselves because the physical adsorption 
with the large molecule is higher. The explanation for the 
high yield with insoluble chelates is probably a coagulation 
of colloids which is favored in the presence of the adsorbent. 
After the trace metals have been adsorbed, the sub­
sequent procedure depends on the detection method and de­
tection limits. When powdered activated carbon is used as 
the adsorbent, a direct determination by XRFA or AAS is pos­
sible. When other adsorbents or detection methods are used, 
it is necessary to first elute the adsorbed metals with an or­
ganic solvent or strong acid. In Table I examples are given 
for the preconcentration of trace metals by chelation followed 
by adsorption. 
Table I. Preconcentration of trace metals by chelation and adsorption 
Adsorbent Chelating Agent Matrix Trace Elements Reference 
activated carbon dithizone 
activated carbon NaDDTC^ 
Ghromosorb W-DMCS NaDDTC 
activated carbon 8-hydroxyquinoline 
activated carbon amino acids 
,b 
silicic acid 
quartz glass 
silica gel 
APDC 
APDC 
water 
W 
water 
activated carbon ascorbic acid seawater 
activated carbon potassium xanthogenate Mn 
8-hydroxyquinoline 
water 
water 
A1,Ga,Mg 
water 
seawater 
Ag,Bi,Cd,Co , Cu , In , 10 
Ni ,Pb,Zn 
Ag,Cd,Co,Cu,In,Ni, 11 
Pb,Tl,Zn 
Cd ,Co,Cu,Fe,Hg,Ni, 12 
Pb,Zn 
U 13 
Bi , Cd,Co,Cu,Fe,In, 14 
Ni,Pb,Tl,Zn 
Cd,Co,Cr,Cu,Fe,Hf, 15,16 
Hg,Mn,Ni,Pb,Re,Se, 
R.E.,Zn 
Ni,Cu 17 
Bi,Cd,Co,Cu,Fe,In , 18 
Ni,Pb,Zn 
As ,Co,Cr,Cu,Fe,Hg , 19 
Ni ,Pb,Zn 
Cd ,Gu,Fe,Mn,Ni,Pb, 20 
Zn 
Chromosorb W-DMCS APDC 
XAD-2 resin 
C^g silica gel 
XAD-4 resin 
BNMDTC 
8-hydroxyquinoline 
N-MFHA^ 
seawater Cd,Cu,Zn 
water Co,Cu,Fe,Hg,Ni 
seawater Cd,Co,Cu,Fe,Mn 
Ni,Zn 
water A1,Bi,Cd,Co,Cr,Cu, 
Eu,Fe,La,Lu,Mn,Mo, 
Ni,Pb,Sc,Sn,Th,Ti, 
U,V,W,Zr 
2 1  
2 2  
23 
Cj^g silica gel APDC seawater As,Se 24 
Sodium diethyIdithiocarbamate. 
^Ammonium pyrrolidine dithiocarbamate, 
'ti-Buty 1-2-naph thy Ime thy Idithiocarbamate . 
N-MethyIfurohydroxamic acid. 
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Applications of Bis(2-hydroxyethyl)dithiocarbamate 
Dithiocarbamates are compounds containing sulfur atoms 
with donor properties. The N,N-disubstituted dithiocarbamates 
have the general formula (!)• 
>-<• 
Dithiocarbamates react with metal ions of the hydrogen sulfide 
group to form neutral compounds with the general formula 
M(DTC)^, where M is a metal ion of valence x, and DTC is a 
dithiocarbamate. The dithiocarbamates have found considerable 
use as analytical reagents since their introduction by Callan 
and Henderson for the spectrophotometric determination of 
copper (25). Several comprehensive reviews have been pub­
lished on their use as analytical reagents (1, 26-29). While 
literally scores of different dithiocarbamates have been syn­
thesized and used as analytical reagents, the scope of this 
review will be limited to the applications of bis(2-hydroxy-
ethyl)dithiocarbamate. 
Virtually all the dithiocarbamates react with metal ions 
to form highly associated chelates which are very insoluble 
in water. On exception to this is HEDC (II). The inclusion 
9 
HOCHgCH; 
HOCHzCH^ ^S" Na* 
II 
of the two hydroxyl groups in HEDC imparts a certain amount of 
water solubility to its metal chelates. This higher water 
solubility is the unique feature of HEDC which distinguishes 
it from other dithiocarbamate reagents. 
The first appearance of HEDC in the literature is in a 
study by Geiger and Muller, who proposed it as spectrophoto­
metric reagent for the determination of copper (30). This is 
also the subject of two studies by Woelfel (31) and Delaney 
(32). All three authors proposed that HEDC be used instead of 
sodium diethyIdithiocarbamate (NaDDTC) for the determination 
of copper. Since the Cu(HEDC)2 chelate is water soluble, it 
does not require stabilization with gum arabic or extraction 
into an organic solvent like the Cu(DDTC)2 chelate. Sodium 
HEDC has been used for the spectrophotometric determination of 
cobalt at 420 nm (33). Chromium(III) has been determined 
spectrophotometrically by reaction with potassium HEDC at 80-
90°C for five minutes, followed by measurement of the solution 
absorbance at 640 nm (34). 
10 
Several multielement spectrophotometric analyses using 
HEDC have been proposed. Mixtures of copper and nickel (35) 
or copper and cobalt can be determined spectrophotometrically 
with potassium HEDC and the use of simultaneous equations 
(36, 37). The spectrophotometric determination of bismuth, 
cobalt, copper, nickel, and tellerium with the zinc chelate of 
HEDC was studied by Yoshida, Yamamoto, and Hikime (38). The 
simultaneous spectrophotometric determination of molybdenum 
and uranium with ammonium HEDC has been studied by Haas and 
Schwarz (39). A 0.1% solution of sodium HEDC has been used in 
a post-column reactor to determine cobalt, copper, iron, 
nickel, and zinc after separation of these metals by high-
performance ion-exchange chromatography (40). Spectrophoto­
metric detection is at 405 nm. Copper has been determined by 
post-column reaction with HEDC after separation from other 
metals on a column containing an _o-hydroxypropiophenoxime 
resin (41). 
The indirect spectrophotometric determination of cyanide 
ion can be effected by demasking the mercury complex of HEDC 
with cyanide in the presence of copper (42). The copper reacts 
with the freed HEDC to form Cu(HEDC)2 and the solution absor-
bance is measured at 383 nm. A similar procedure can be used 
for the indirect spectrophotometric determination of mercury. 
A solution of Cu(HEDC)2 is decolorized by the addition of 
mercury, which forms a stronger chelate with HEDC than copper, 
11 
and the decrease in absorbance is measured at 432 nm (43, 44). 
Several procedures utilizing HEDC as a titrant have been 
developed. Fritz and Sutton have determined mercury by ti­
tration with HEDC in a 30% acetone solution (45). The end-
point can be determined visually with Thiomichler's ketone or 
copper ion as the indicator, or potentiometrically with a 
silver-silver dithiocarbamate indicator electrode. Potassium 
HEDC has been used as a titrant for the amperometric determi­
nation of mercury and palladium (46), and gold (47). 
HEDC has been used as a masking agent to improve the 
selectivity of several analytical procedures. The interference 
of bismuth, mercury, nickel, and lead in the titration of 
thorium with EDTA can be eliminated by the addition of HEDC 
(48). The substoichiometric determination of trace levels of 
zinc in germanium dioxide by neutron activation analysis was 
improved by masking copper with HEDC (49). The interference 
of cadmium and bismuth in the spectrophotometric determination 
of zinc with dithizone can be eliminated by the addition of 
HEDC (50). Cadmium and lead can be masked with HEDC in the 
analysis of water for trace levels of zinc (51). Interfer­
ences in the determination of magnesium in silicate rocks by 
complexometric titration can be eliminated by masking with 
HEDC (52). The interference of cadmium, copper, nickel, and 
lead in the analysis of electroplating baths for zinc with 
dithizone is eliminated by the addition of HEDC (53). 
Miscellaneous analytical applications of HEDC include the 
12 
evaluation of potassium HEDC for the extraction of selected 
trace metals in zirconium (54); the determination of the fun­
gicide Ferbam by the catalytic reduction of the iron and man­
ganese chelates of HEDC at a mercury electrode (55); and the 
extraction of trace amounts of copper and mercury in environ­
mental samples (56). HEDC itself can be determined by a 
visual or potentiometric titration with iodine monobromide in 
acetonitrile (57). The dithiocarbamate is oxidized to the 
corresponding thiuram disulfide by the iodine monobromide. 
A number of studies, which are not necessarily analytical 
in nature, have been performed on the metal chelates of HEDC. 
These are listed in Table II. 
Table II. Studies on the metal chelates of bis(2-hydroxyethyl)dithiocarbamate 
Metal Subject Studied Reference 
Ag,Cu,Ni,Zn immobolized HEDC on PVC resin and determined metal 58,59 
capacity and reactivity 
Ag prepared Ag(I) chelate and determined solubility 60 
product constant 
Al,Cd,Co,Cr, polyolefins are more receptive to mordant dyes by 61 
Ni,Zn addition of metal chelates 
Cd,Co,Cr,Cu, prepared metal chelates and characterized by x-ray, 62 
Fe,Hg,Ni,Tl, magnetic, conductance, IR, and UV measurements 
Zn 
Cd,Ni,Zn measured stability constants of metal chelates in DMF 63 
Cd mechanism and effectiveness of HEDC as antidote for 64-69 
acute Cd(II) intoxication 
Co photo-ligand-substitution reaction of tris(ethylene- 70,71 
diamine)C O  balt(III) with HEDC 
Co,Fe,Ni polarography of metal chelates at DME 72-75 
Cr Cr(lII) chelate prepared from Cr(III) and Cr(VI) 76 
Cu,Ni prepared metal chelates and characterized by 77 
magnetic, IR, and UV measurements 
Cu,Ni prepared metal chelates and characterized by 78 
thermal methods 
Table II. (Continued) 
Metal Subject Studied Reference 
Cu effect of adsorbed Cu(II) chelate on electrode 79-81 
process 
Cu determined EPR spectra of Cu(II) chelate 82,83 
Fe voltammetry of Fe(III) chelate in acetone at 84,85 
rotating Pt electrode 
Fe prepared Fe(III) chelate and determined structure, 86-89 
spin state, and magnetic moments 
Hg determined stability constant of Hg(II) chelate 90 
Hg effectiveness of HEDC as antidote for acute Hg 91 
intoxication 
Ir prepared Ir(III) chelate and characterized by 92 
IR and UV spectra 
K KHEDC tested for carcinogenicity by oral adminis- 93 
stration 
Mo prepared Mo(VI) chelate and characterized by 94-96 
potentiometric, magnetic, IR, and UV measurements 
Na NaHEDC used as vulcanizing agent for neoprene rubber 97 
Na determined effectiveness as Fungicide 98 
Table II. (Continued) 
Metal Subject Studied Reference 
NH^ prepared ammonium HEDC from ethylene oxide and 99 
ammonium dithiocarbamate 
Ni HEDC used for flotation of nickel sulfide ore 100 
Ni determined stability constant of Ni(II) chelate 101 
Ni chronopotentiometric reduction of Ni(II) chelate 102 
Ni effectiveness of HEDC as antidote for acute Ni(II) 103-104 
intoxication 
Pd prepared Pd(II) chelate and characterized by IR 105 
and UV spectra 
Pd polarography of Pd(II) chelate at DME in DMSO 106 
Se,Te prepared Se and Te chelates and characterized by 107 
x-ray, magnetic, IR, and UR measurements 
Te prepared Te chelate and determined crystal structure 108-110 
T1 effectiveness of HEDC as antidote for acute T1(I) 111 
intoxication 
V effectiveness of HEDC as antidote for acute V(VI) 112 
and V(V) intoxiation 
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EXPERIMENTAL 
Apparatus 
The XAD-4 resin was sieved with a Model L3P Sonic Sifter 
(Allen-Bradley Co., Milwaukee, WI). Metal ion separations 
and concentrations were performed using a 175x9 mm glass 
column fitted with a Teflon stopcock and a 24/40 standard 
taper joint. Solution reservoirs were made from 250 and 2000-
mL round bottom flasks fitted with male 24/40 standard taper 
joints. Increased flow was effected by applying 1-2 PSI of 
helium pressure to the top of the column. Atomic absorption 
analyses were performed on a Perkin-Elmer Model 2380 Atomic 
Absorption Spectrophotometer equipped with a Model HGA-400 
Graphite Furnace and Model AS-40 Autosampler. 
Reagents 
The Amberlite XAD-4 resin was obtained from the Rohm and 
Haas Company (Philadelphia, PA). The resin was washed with 
water, Sohxlet extracted overnight with methanol, dried, 
ground, and sieved. Resin fines were removed by washing with 
methanol, allowing the resin to settle, and decanting the 
fines. The 74-105 micron fraction was used in the adsorption 
studies. 
All solutions were prepared with deionized water further 
purified by a Milli-Q Water Purification System (Millipore, 
17 
Bedford, MS). Hydrochloric and nitric acids were Ultrex grade 
(J.T. Baker, Phillipsburg, NJ). Stock 1000 mg/L metal ion 
solutions were obtained from Fisher Scientific Co. (Fair Lawn, 
NJ). Standard mercury(II) titrant was prepared from primary 
standard grade mercuric chloride. Trace metal ion solutions 
of known concentration were prepared by dilution of metal ion 
quality control standards supplied by the U.S. Environmental 
Protection Agency (Quality Assurance Branch, E.M.S.L., Cin­
cinnati , OH) . 
Buffer solutions were prepared from trichloroacetic acid 
(pH 1-2), monochloroacetic acid (pH 3), acetic acid (pH 4-5), 
pyridine (pH 6), ammonium acetate (pH 7), THAM (pH 8-9), and 
ammonium hydroxide (pH 10). Each buffer solution was adjusted 
to the desired pH with either sodium hydroxide or hydrochloric 
acid. All other reagents were reagent grade and were used as 
received. 
Synthesis of Sodium Bis(2-Hydroxyethyl)dithiocarbamate 
In a 1-liter round bottom flask fitted with an overhead 
stirrer, inert gas inlet, and addition funnel dissolve 40.0 
grams (1 mole) sodium hydroxide and 105.1 grams (1 mole) 
diethanolamine (Fisher Scientific) in 400 mL methanol. Purge 
with inert gas (or Ar) and cool to below ICC. Add 114 
grams (1.5 moles) carbon disulfide dropwise while keeping the 
temperature below 10°C. After two hours remove the methanol 
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with a rotary evaporator at a bath temperature of 35°C. To 
crystallize the viscous liquid add 400 mL 2-propanol and mix 
vigorously. Filter and dry under vacuum at ambient tempera­
ture. Yield of sodium bis(2-hydroxyethyl)dithiocarbamate 
is 154 grams, 76% of theoretical: mp 156°C [lit. mp 155°C 
(98)]. Anal. Calcd for C^H^QNOgSgNa: C, 29.55; H, 4.96; 
N, 6.89; S, 31.55; Na, 11.31. Found: C, 31.04; H, 5.32; N, 
7.00; S, 32.30; Na, 11.21. Concentration of the filtrate and 
washings gives an additional 28 grams of product. Total yield 
is 182 grams, 89% of theoretical. 
The NMR spectrum of NaHEDC taken in D2O is shown in Figure 
1. The triplets at 3.81 and 4.15 ppm correspond to the 
methylene hydrogens alpha to the nitrogen and hydroxyl groups, 
respectively. The singlet at 4.55 ppm corresponds to the hy­
droxyl hydrogens. The infrared spectrum of NaHEDC taken as a 
KBr disc is shown in Figure 2. 
Analytical Methods 
Solutions of NaHEDC were assayed by titration with stan­
dard mercury(II) solution at pH 7 using Thiomichler's ketone 
as visual indicator (45,113). Trace concentrations of mer­
cury (II) were determined by the cold vapor method (114). Ab­
sorption spectrophotometry was used for the determination of 
bismuth(III) with thiourea (115), molybdenum(VI) with thio-
lactic acid (116), and uranium(VI) with Arsenazo (117). All 
Figure 1. NMR spectrum of sodium bis(2-hydroxyethyl)dithiocarbamate 
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Figure 2. Infrared spectrum of sodium bis(2-hydroxyethyl)dithiocarbamate (KBr disc) 
CT" 
3296, 
2978 
2959 
2893 
O" 
cr-
466 
1385 . 
1350 — 
CT" 
1153 
1063 
5 1042-= 
cr 986 — 
o 959 
627 
Z Z  
23 
other metal ions were determined by either flame or graphite 
furnace atomic absorption spectrophotometry (118). All graph­
ite furnace analyses were quantified using the peak height 
mode and the method of standard additions. 
Sorption of Metal Dithiocarbamates on XAD-4 Resin 
The effect of pH and masking agents on the adsorption of 
metal dithiocarbamates on XAD-4 resin was studied using a 
175x9 mm gravity column packed with 500 mg of resin. The 
following procedure was used. 
1. To a solution containing from 0.1 to 1-0 mg of the 
metal ion under study add 10.0 mL of 0.1 M masking 
agent, 10 mL of 1.0 M buffer, and 5 mL of 0.25 M 
NaHEDC solution. 
2. Adjust the solution pH to the desired value with hy­
drochloric acid or sodium hydroxide and dilute to 100 
mL . 
3. Condition the column by passing 50 mL of 0.1 M buffer 
through the column. 
4. Pass the metal:HEDC solution through the column at a 
flow rate of 25 mL per minute. 
5. Rinse the column with two 10 mL portions of water. 
6. Elute the adsorbed metal complex with 10 mL of 1.0 M 
nitric acid in ethanol and analyze the eluate for the 
metal concentration by colorimetric or atomic 
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adsorption methods. 
The percentage of metal adsorbed on the column was calculated 
from the mg metal in the original sample and the mg metal 
eluted from the column. Blanks were determined by applying 
the above procedure to 100 mL of demineralized water with no 
metal ions or buffer added. 
Reagent Concentration Dependence 
A series of 5x10 ^  M copper(II) solutions, buffered to pH 
8.0, were prepared which contained increasing molar ratios of 
HEDC to copper. The percentage of copper retained on the 
resin for each solution was determined by the procedure de­
scribed in the previous section. 
Concentration of Metal Ions from Seawater 
Artificial seawater, prepared from Turk's Island Salt 
(119), was spiked with USEPA quality control standard. To one 
liter of this solution, 10 mL of 0.25 M NaHEDC were added. 
The solution was passed through the XAD-4 column at a flow of 
50 mL per minute, washed twice with deionized water, and the 
adsorbed metals were eluted with 5 mL of 1.0 M nitric acid in 
ethanol into a 10-mL volumetric flask. The concentrations of 
the eluted metals were determined by atomic absorption. 
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Separation of Trace Metal Ions from Uranium(VI) 
A 100 mL solution of 0.1 M uranium(VI), prepared from 
uranyl nitrate hexahydrate, was spiked with the USEPA quality 
control standard. Sodium bicarbonate was added to mask the 
uranium(VI) and 5 mL of 0.25 M NaHEDC were added to complex 
the trace metals. The solution was passed through the XAD-4 
column, washed with 10 mL portions of 0-1 M sodium bicarbonate 
and deionized water, and the adsorbed metals were eluted with 
5 mL of 1.0 M nitric acid in ethanol into a 10-mL volumetric 
flask. The concentrations of the eluted metals were deter­
mined by atomic absorption. 
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RESULTS AND DISCUSSION 
Sodium Bis(2-hydroxyethyl)dithiocarbamate 
The procedure used for the synthesis of NaHEDC outlined 
in the Experimental section gave a product of high purity and 
excellent yield. The total yield of 89% NaHEDC compares fa­
vorably with a reported yield of 12.5% using a procedure by 
Klopping and VanDerKerk (98). The advantages of preparing 
sodium dialkyldithiocarbamates below 10°C have been discussed 
by Moore (120). It was also found in this work that purging 
the reaction mixture with inert gas results in a much less 
colored product. The NaHEDC crystals are white when freshly 
prepared but tend to yellow after several months storage. 
This is apparently due to the air oxidation of the NaHEDC to 
the corresponding thiuram disulfide. The thiuram disulfide 
is insoluble in water and can easily be separated from the 
soluble NaHEDC by filtration. This decomposition did not 
appear to affect the reagent's metal complexing ability, even 
after one year of storage. 
Aqueous dithiocarbamate solutions are readily decomposed 
by acids, the products being the amine and carbon disulfide. 
The stability of NaHEDC in aqueous solutions as a function of 
pH is shown in Figure 3. The NaHEDC decomposition was found 
to be directly proportional to the solution hydrogen ion con­
centration. This confirms work by Bode on the solution de-
Figure 3. Stability of sodium bis(2-hydroxyethyl)dithiocarbamate as a function of 
solution pH; initial concentration is 0.050 M 
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composition of NaDDTC (121). He determined the NaDDTC half-
life to be 51 minutes at pH 6.0 and 35 days at pH 9.0. While 
the half-life of NaHEDC was not determined in this study, 
Figure 3 does show that NaHEDC is reasonably stable at a pH of 
8.0 or above. 
Sorption of Metal Dithiocarbamates on XAD-4 
The retention of small amounts of metal ions on a small 
column containing XAD-4 resin was studied as a function of pH. 
In addition to an excess of NaHEDC and an appropriate buffer, 
tartrate was added to the sample solution to complex the metal 
ion weakly and avoid any precipitation. The results show that 
the following seven metal ions studied are completely retained 
on the resin at all pH values between 1.0 and 10.0: bismuth 
(III), cobalt(II), copper(II), lead(II), mercury(II), thal-
lium(I), and tin(II). The other eight metal ions studied are 
completely retained at some (but not all) pH values between 
3.0 and 10.0, as shown by Table III. Antimony(III), arsenic 
(III), manganese(II), and selenium(IV) were not quantitatively 
retained on the resin at any of the pH values studied. 
These results are in general agreement with those of 
Eckert, who lists the following metals in order of increasing 
chelate stability with NaDDTC: Mn, As(III), Zn, Sn(II), Fe 
(III), Cd, Pb, Bi, Co(II), Ni, Cu, Ag, and Hg (27). The for­
mation constants for metal chelates with HEDC have been found 
30 
Table III. Percentage recovery^ of metal dithiocarbamates as 
a function of pH^ 
Element 3.0 4.0 5.0 
Solution pH 
6.0 7.0 
o
 
00 
9.0 10.0 
Ag(I) 95 100 100 100 100 100 100 100 
Cd(II) 19 100 100 100 100 100 100 100 
Fe(III) 0 52 100 100 100 100 84 31 
Mo(VI) 100 100 73 37 0 0 0 0 
Ni(II) 74 100 100 100 100 100 100 100 
U(VI) 0 0 33 100 100 33 16 13 
V ( V )  100 100 100 100 100 82 53 14 
Zn(II) 0 1 100 100 100 100 100 100 
^Single determination, rounded to the nearest integer. 
'^Tartrate added to prevent metals from precipitating at 
high pH values. 
to be lower than those for the corresponding chelates with 
NaDDTC (63,90,101). This is due to the presence of the hy-
droxyl groups in the molecule, which are electron withdrawing 
and tend to weaken the bond formation between the metal ion 
and the sulfur donor atoms. The shift to lower formation con­
stants is apparently enough to prevent quantitative chelation 
with the four elements not retained on the resin. 
Selectivity can be achieved through the use of auxiliary 
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complexing agents (masking agents) as well as through pH ad­
justment. The retention of metal dithiocarbamates on XAD-4 
with EDTA and cyanide as masking agents are shown in Tables 
IV and V, respectively. 
Table IV. Percentage recovery^ of metal dithiocarbamates with 
0.01 molar EDTA as masking agent 
Element 5.0 
Solution pH 
7.0 9.0 
Ag(I) 100 100 100 
Bi(III) 100 100 100 
Cd(II) 46 27 0 
Co(II) 100 31 0 
Cu(II) 100 100 100 
Fe(III) 0 0 0 
Hg(II) 100 100 100 
Ni(II) 0 0 0 
Pb(II) 64 16 0 
Zn(II) 0 0 0 
^Single determination, rounded to the nearest integer. 
The results obtained with NaHEDC are similar to those 
obtained by Bode for the solvent extraction into carbon tetra­
chloride of metals chelated with NaDDTC (121). For multi­
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element analyses a solution pH between 6.0 and 7.0 should be 
chosen, as this will result in the largest number of metals 
being chelated by NaHEDC and sorbing onto the XAD-4 resin. 
Greater selectivity can be achieved by choosing a lower or 
higher pH or by adding one of the masking agents studied. 
Table V. Percentage recovery^ of metal dithiocarbamates with 
0.01 molar cyanide as masking agent at pH 9.0 
Element Percent Recovery 
Bi(III) 100 
Cd(II) 100 
Co(II) 0 
Cu(II) 5 
Fe(III) 31 
Ni(II) 0 
Pb(II) 100 
Zn(II) 3 
^Single determination, rounded to the nearest integer. 
The effect of increasing NaHEDC concentration on the re­
tention of copper(II) on XAD-4 is shown in Figure 4. While 
the stoichoimetric ratio of HEDC to copper in the complex is 
Figure 4. Retention of copper(II) on XAD-4 resin as a 
function of sodium bis(2-hydroxyethy1)dithio-
carbamate concentration; [Cu(II)] = 0.05 mM 
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2:1, there was not quantitative retention of the copper(II) on 
the resin until a 3:1 ratio was used. This is apparently due 
to the dissociation of the complex at low HEDC concentrations. 
These results indicate that at least a 50% molar excess of 
HEDC should be added to samples to ensure complete chelation 
and sorption of metals ions on the resin. 
Two analytical blanks were determined for the concentra­
tion procedure. The first set was determined using an unpur-
ified 0.25 M NaHEDC solution. The second set was determined 
using the same NaHEDC solution after it had been purified by 
passage through the XAD-4 resin column. The results are shown 
in Table VI. Blank values are significantly lower for the pur­
ified NaHEDC solution, indicating that the XAD-4 treatment is 
effective in removing metal ion impurities from the reagent. 
Concentration of Trace Metals 
Seawater 
The concentration of trace metal ions from seawater using 
dithiocarbamates as extractants has been the subject of a num­
ber of studies (122,123). The alkali and alkaline earth ele­
ments which are present in seawater are not complexed by NaHEDC 
and thus are not retained on the XAD-4 resin column. These 
elements can be washed through the column prior to elution of 
the adsorbed metals. Recovery data for the concentration of 
eight trace metals from spiked artificial seawater are sum-
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Table VI. Absolute analytical blanks 
blank, ng* 
element untreated NaHEDC XAD-4 treated NaHEDC 
Cd(II) 1.1 ± 0. 2 <0.1 
Co(II) <1 <1 
Cu(II) 36 ± 7 3 ± 1 
Fe(III) 50 ± 8 5 ± 2 
Hg(II) <0.1 <0.1 
Ni(II) 5 ± 2 <2 
Pb(II) 6 ± 4 <1 
Zn(II) 25 ± 6 3 + 2 
^Mean and standard deviation for six determinations. 
marized in Table VII. Recoveries are quantitative for all the 
metals studied. A concentration factor of 100 was achieved 
for this analysis. Higher concentration factors could easily 
be achieved by increasing the sample size. 
Uranium (VI) 
The direct analysis of trace metals in uranium by atomic 
spectroscopy is often difficult due to interferences from the 
large number of uranium spectral lines. A separation of the 
uranium matrix from the trace metals is normally required 
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Table VII. Concentration of metal ions from seawater 
element ^g/L added ^g/L found® recovery, % 
Cd(II) 6.5 6.3 ± 0.3 97 ± 5 
Co(II) 40 39.6 ± 1.6 99 ± 4 
Cu(II) 25  24.9 ± 0.9 100 + 4 
Fe(III) 40  41.0 + 3.0 103 + 7 
Hg(II) 1.75 1.72 ± 0.11 98 + 6 
Ni(II) 40 39 .0  ± 2 .1 97 + 5 
Pb(II) 60 63.0 + 3.0 105 ± 5 
Zn(II) 40 41.7 ± 1.5 104 ± 4 
®Mean and standard deviation for four determinations. 
prior to the analysis step. The uranium(VI):HEDC complex can 
be effectively masked at pH 7.0 by the addition of sodium bi­
carbonate (117). The uranium(VI):carbonate complex is not ad­
sorbed by the resin and can be washed through the column while 
the trace metals complexed by NaHEDC are adsorbed. Results of 
the separation and concentration of seven trace metals from a 
spiked 0.10 M uranium(VI) solution are shown in Table VIII. 
The column eluate was analyzed for uranium(VI) to determine 
the effectiveness of the bicarbonate masking in separating it 
from the trace metals. The original sample contained 2,380 
mg uranium(VI) and the eluate contained 0.021 mg uranium(VI). 
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This is equivalent to a decontamination factor of approx­
imately 113,000. 
Table VIII. Separation of metal ions from 0.10 M uranium 
(VI) 
element ^g/L added found^ recovery, % 
Cd(II) 13 13.6 ± 0.8 105 + 6 
Co(II) 80 80.4 ± 4.0 101 + 6 
Cu(II) 50 50.7 + 1.2 101 ± 2 
Hg(II) 3.5 3.48 + 0.13 99 + 4 
Ni(II) 80 77.3 ± 3.8 97 + 5 
Pb(II) 120 125 ± 6 104 ± 5 
Zn(II) 40 38.9 + 2.7 97 ± 7 
^Mean and standard deviation for four determinations. 
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CONCLUSIONS 
The NaHEDC adsorption method has several advantages over 
previously proposed multielement concentration methods. High 
concentration factors (100+), high sample throughput (50 mL/ 
min), formation of soluble metal complexes, low analytical 
blanks, and easy elution of adsorbed metals are among the ad­
vantages of the method. Quantitative recovery of fifteen 
metals has been demonstrated using the method. The successful 
application of the method to the analysis of trace metals in 
seawater and uranium has been shown. 
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PART II. REMOVAL OF METAL ION POLLUTANTS FROM 
INDUSTRIAL WASTEWATER BY SORPTION 
ON XAD-4 RESIN OR ACTIVATED CARBON 
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INTRODUCTION 
There has been an increased awareness and concern during 
the past two decades about the harmful effects of heavy metals 
pollution in the environment (124). This has prompted legis­
lative action at the federal and state levels of government to 
strictly limit the quantities of these metals which may be 
discharged into the public waterways. Of particular concern 
are metals which are highly toxic or are cumulative toxins, 
such as cadmium, copper, mercury, nickel, lead, and silver. 
These metals can enter the environment from a variety of in­
dustrial processes, including metal electroplating or finish­
ing, mining runoff, mineral smelting, metal refining proces­
ses, metal pickling, and machining. In order to meet pre­
scribed discharge limitations these wastewaters must be 
treated to remove the dissolved metals. The most widely used 
treatment method for the removal of dissolved heavy metals 
involves the process of neutralization and metal hydroxide 
precipitation. The substance used for neutralization varies, 
depending on the availability of material, and can include 
lime, ground limestone, caustic soda, or anhydrous ammonia. 
Other metal removal techniques which are used less frequently 
include sulfide precipitation, cementation, reverse osmosis, 
ion exchange, and sorption methods (125,126). 
Because of its lower cost, neutralization is normally the 
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method of choice for the treatment of the majority of waste­
water types. However, when wastewaters contain organic or in­
organic ligands which can complex with the metals and prevent 
their precipitation as hydroxides, other treatment methods 
must be used. Several treatment technologies have been pro­
posed for removing complexed metals from wastewaters, includ­
ing precipitation with dimethyl- or diethyldithiocarbamate 
(127), chelation with insoluble starch xanthates (128), and 
sorption on activated carbon. 
The purpose of the present work was to study the feas­
ibility of removing complexed heavy metals from industrial 
wastewater by chelation with sodium bis(2-hydroxyethyl)dithio-
carbamate (NaHEDC) and sorption on a hydrophobic adsorbent. 
The copper complex of HEDC was used as a model compound to 
evaluate the adsorption capacities of eight different adsor­
bents. Two of these adsorbents, XAD-4 resin and Nuchar WV-B 
activated carbon, showed high adsorption capacities and were 
chosen for further study. The applicability of the treatment 
method to real samples was successfully demonstrated by re­
moving heavy metals from the wastewater effluent of a major 
home appliance manufacturer. 
Literature Review 
The use of solid adsorbents for the removal of complexed 
or uncomplexed metal ions from industrial process wastewater 
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has received considerable attention in recent years. While 
the review in Part I focused on the preconcentration of trace 
metals by adsorption for laboratory analysis, this review will 
focus on the industrial applications of this technology. Ac­
tivated carbon, either in a granular or powdered form, has 
been the most widely used and studied adsorbent for this pur­
pose. The properties of activated carbon that make it attrac­
tive for the removal of trace organic constituents from water, 
such as low cost, high capacity, and high surface activity, 
also make it useful for the adsorption of trace metals from 
solution. 
Unfortunately, activated carbon has little net surface 
charge and is quite ineffective for adsorbing free hydrated 
metal ions. Activated carbon can be an effective adsorbent 
for metal ions, however, if either the surface of the carbon 
is altered or the metal ion is complexed with an organic mol­
ecule. Alteration of the carbon surface usually involves 
treatment of the carbon with a sulfurizing agent, such as 
carbon disulfide. This leads to the formation of xanthate, 
dithiocarboxylate, and dithiocarbamate groups on the carbon 
surface (129). The metal ions are held onto the surface of 
the carbon by chelation with these groups. The formation of 
metal chelates prior to contact with the carbon results in the 
adsorption of the metal-organic complex, which displays ad­
sorption properties more closely related to those of the or-
Table IX. Removal of metal ions from industrial process waters by adsorption 
Metal Adsorbent Application Reference 
Au 
Cd 
Cd.Hg.Pb 
Cd ,Cr,Cu, 
Fe,Hg , Ni , 
Pb,Sb,Zn 
Cr 
Hg 
Hg 
activated carbon 
activated carbon 
activated carbon 
peat 
activated carbon 
wool fibers 
activated carbon 
recovery of Au(III) from gold 
ore cyanide leach solutions 
removal of Cd(II) from cadmium 
plating wastewater 
removal of metals from ammonium 
phosphate fertilizer 
removal of metals from fabric 
dye solutions 
removal of Cr(VI) from chromium 
plating wastewater 
131 
132-136 
137 
138 
139-140 
removal of Hg(II) from wastewaters 141 
removal of Hg(II) from wastewaters 129,142,143 
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ganic molecule than of the free metal ion (130). In Table IX, 
examples are given for the removal of metal ions from indus­
trial process wastewaters by adsorption. 
Theory of Column Adsorption 
The evaluation of granular adsorbents for use in fixed 
bed adsorption columns is best done through the use of break­
through curves. These curves relate the effluent adsorbate 
concentration to the volume of water treated and can be used 
to develop column characteristics. The theoretical treatment 
of adsorption capacity breakthrough curves has been developed 
by Neely and Isacoff (144), Schroeder (145), and Lukchis 
(146). 
A typical adsorption breakthrough curve is shown in 
Figure 5. In the downflow situation shown, the saturated zone 
is shown to move through the column bed preceded by a zone of 
active adsorption, the mass transfer zone (MTZ). The assump­
tion is made that all the adsorption takes place within the 
MTZ and that the region of the bed behind the MTZ is completely 
saturated. When the front of the MTZ reaches the bottom of 
the bed, breakthrough occurs, and the effluent concentration 
begins to rise rapidly. Eventually, the adsorbent bed will be 
completely saturated and the effluent concentration will ap­
proach Cq, the influent concentration. The depth of the MTZ 
(DMTZ) and its shape are dependent on the shape of the adsorp-
F i g u r e  5 .  I d e a l  a d s o r p t i o n  c a p a c i t y  b r e a k t h r o u g h  c u r v e  
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tion isotherm and the rate of approach to equilibrium within 
the column. 
For the following discussion, refer to Table X for def­
initions of the terms used. Consider a uniformly packed 
column of adsorbent with a constant flow of influent contain­
ing a constant concentration of adsorbable materials. All the 
adsorbable components fed to the column prior to breakthrough 
t^ are adsorbed. Therefore, the rate of feed to the column is 
equal to the rate of exhaustion of the adsorbent. 
rate of feed = C^F (1) 
rate of exhaustion = SL^d^A (2) 
Equating the left sides of equations (1) and (2) and solving 
for S, the speed of the adsorption front, gives: 
C F 
s b 
Increased concentration and flow rate increase the speed of 
the MTZ through the adsorbent bed. Increased adsorbent ca­
pacity and column cross-sectional area slow the MTZ. 
The time required for the column to become saturated can 
be thought of as the sum of the time for the MTZ to travel the 
total column length plus the time for the formation of the MTZ. 
D 
time for MTZ to travel =-^ (4) 
time to form MTZ . " 
C F (5) 
o 
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Table X- Column operation terminology 
Symbol Definition 
S 
breakthrough time (min) 
t 
s 
time required to saturate the column (min) 
C 
o 
influent concentration of adsorbable 
compounds (mmole/L) 
Do total column depth (cm) 
°MTZ depth of mass transfer zone (cm) 
L 
S 
loading of adsorbent at saturation (mmole/g) 
^MTZ 
average loading within MTZ (mmole/g) 
MTZ mass transfer zone 
F flow rate (L/min) 
A cross-sectional area of adsorption column 
(cm2) 
S speed of adsorption front (cm/min) 
S bulk density of the adsorbent bed (g/cm^) 
volume of influent to breakthrough (L) 
V 
s 
volume of influent to column saturation (L) 
The time to saturation t^ is the sum of equations (4) and 
(5). 
^s = 
°o + °MTZ ^ MTZ 
S SL3 
Similarly, the time required for breakthrough can be thought 
of as the sum of the time for the formation of the MTZ (eq. 5) 
and the time for the MTZ to travel the depth of the saturated 
zone. 
time for MTZ to travel D = —2—ÎÎZ5. (7) 
S 
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The sum of equations (5) and (7) gives the breakthrough time 
^b" 
°o~°MTZ , ^ MTZ °MTZ h  =  ( = )  
Subtracting equation (8) from equation (6) gives the depth of 
the MTZ. 
^MTZ ^  S(tg-t^) (9) 
The average loading within the MTZ can be determined by re­
arrangement of equation (8), substitution of from 
equation (9), and solving for L^TZ^^s' 
^s ts-ty 
The quantity D^/S in equation (10) can be thought of as the 
hypothetical breakthrough time if the depth of the MTZ is 
zero. 
The efficiency of a column is an important consideration 
in the design of a column experiment. The column efficiency 
is defined as the amount of adsorbable material adsorbed by 
the column at breakthrough divided by the maximum possible 
amount adsorbable by the column. 
amount adsorbed at breakthrough = 
^s^^o'^MTZ^^b* ^MTZ^MTZ'^b^ 
maximum column capacity = L^D^dj^A (12) 
Taking the ratio of equations (11) and (12) and rearranging 
terms gives the column efficiency. 
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efficiency = 1- 1 - 'MTZ MTZ 
D (13) 
As shown in equation (13), column efficiency decreases rapidly 
for column lengths less than about two MTZ depths. 
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EXPERIMENTAL 
Apparatus and Reagents 
Adsorbent capacity breakthrough curves were prepared 
using a Milton Roy Mini-Pump (Laboratory Data Control, 
Riviera Beach, FL), a 100 x 3 mm glass column, and a Beckman 
Model DB-GT Grating Spectrophotometer (Beckman Instruments, 
Irvine, CA), equipped with a 10-mm flow through cell. The 
treatment of industrial wastewater was performed with a 
Gormann-Rupp Bellows Metering Pump (Gormann-Rupp, Mansfield, 
OH) and a 1200 x 50 mm glass column (Ace Glass, Vineland, NJ). 
The Amberlite XAD resins were obtained from the Rohm and 
Haas Company and were cleaned and sized as described in Part 
I. The granular activated carbons were obtained from ICI 
Americas (Wilmington, DE) and Westvaco (Covington, VA). Each 
carbon was washed with water, ground, wet sieved, and dried at 
150°C. The 74-105 micron fractions were used in the adsorp­
tion capacity breakthrough studies. Unground 20-50 mesh XAD-4 
resin and 10-25 mesh Nuchar WV-B carbon were used for the 
treatment of industrial wastewater. All other apparatus and 
reagents were as described in Part I. 
Adsorbent Capacity Breakthrough Curves 
Adsorbent capacity breakthrough curves were prepared by 
pumping a solution containing 0.05 mM copper(II), 5.0 mM 
NaHEDC, and 16.0 mM sodium sulfite through a 100 x 3 mm 
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column packed with 100 mg of 74-105 micron adsorbent. A flow 
rate of 1.00 mL/min was used. The effect of high organic 
solvent and salt concentrations on the adsorbent capacity 
breakthrough curves was determined by using this same test 
solution, but with increasing concentrations of methanol, 
ethanol, 2-propanol, and sodium chloride. The sodium sulfite 
was added to the solutions to stabilize the CuCHEDC)^ chelate 
during the time required to generate the breakthrough curves. 
The column effluent was continuously monitored for break­
through of the CU(HEDC)2 chelate by recording the effluent 
absorbance at 433 nm. The breakthrough curves were con­
structed by plotting the percent extraction (C/C^ x 100, C = 
absorbance of the column effluent, = absorbance of the 
column influent) against the total volume of column effluent. 
Regeneration of Adsorbents 
The effectiveness of methanol, ethanol, and 2-propanol 
for the regeneration of spent XAD-4 resin and Nuchar WV-B 
carbon was determined by loading each adsorbent column with 
0.05 mmole Cu(HEDC)2 and then regenerating the column with the 
appropriate solvent. A flow rate of l.OO mL/min was used for 
the load cycle and 0.20 mL/min for the regeneration cycle. 
During the regeneration cycle, fractions of the column effluent 
were collected and analyzed for copper by atomic absorption. 
The effect of multiple load-regeneration cycles on the 
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CU(HEDC)2 adsorption capacity of XAD-4 resin and Nuchar WV-B 
carbon was determined by completely loading each adsorbent 
with CU(HEDC)2. regenerating the adsorbents with methanol, 
and repeating the process. 
Treatment of Industrial Wastewater 
The treatment of industrial electroplating wastewater 
was studied in cooperation with a major home appliance man­
ufacturer. In order to simulate an upset condition in the 
wastewater treatment plant, tartrate was added to the waste­
water to weakly complex the heavy metals and prevent their 
removal by the normal lime precipitation treatment method. 
The wastewater was adjusted to pH 7.8-8.2 with lime, filtered, 
and pumped through the 1200 x 50 mm column. The column was 
packed with either XAD-4 resin or Nuchar WV-B carbon to a bed 
depth of 800 ram. A flow rate of 2.4 liters/hour (1.5 bed 
volumes/hour) was used. A 25 mM NaHEDC solution, containing 
8.0 mM sodium sulfite, was added in-line at a flow rate of 30 
mL/hour. This gave a final concentration of 0.3 mM NaHEDC in 
the column feed solution. The column influent and effluent 
were collected at periodic intervals and analyzed for cadmium, 
copper, lead, mercury, nickel, and zinc by atomic absorption 
spectrophotometry (118). 
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RESULTS AND DISCUSSION 
Adsorbent Capacity Breakthrough Curves 
The copper(II) chelate of HEDC was chosen as a model com­
pound for the study of the adsorption properties of the Amber-
lite XAD resins and activated carbons. The Cu(HEDC)2 chelate 
is strongly colored, which permitted the continuous spectro-
photometric monitoring of the column effluent for breakthrough. 
The progress of the XAD resin breakthrough curves could be 
followed qualitatively by observing the dark Cu(HEDC)2 adsorp­
tion band on the white resins. This was not possible with the 
activated carbon adsorbents, because of their initial black 
color. 
The first attempts at generating the capacity breakthrough 
curves were unsuccessful because of the slow decomposition of 
the CU(HEDC)2 chelate during the curve generation time. This 
was evident from a decrease in the color intensity of the so­
lution along with a corresponding increase in solution turbid­
ity. The turbidity was evidently from the oxidation of the 
dithiocarhamate by dissolved oxygen to the corresponding 
thiuram disulfide, which is insoluble in water. It was found 
that the addition of sodium sulfite to the test solution elim­
inated the dissolved oxygen and stabilized the Cu(HEDC)2 che­
late. Test solutions prepared in this way were stable for at 
least one week. 
It is generally accepted that the shape of the break­
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through curve accurately reflects the shape and depth of the 
MTZ within the adsorption column. This allows the information 
obtained from breakthrough curves to be used in the analysis 
of column performance. When different adsorbents are being 
evaluated, as in this study, it is important to test each 
material under identical conditions. Thus, the adsorbent par­
ticle size, column dimensions, temperature, eluent flow rate, 
and adsorbate concentration should all be the same for each 
adsorbent being tested. This should minimize the effects on 
the breakthrough curves by such variables as channeling. 
The adsorption capacity breakthrough curves for the Am-
berlite resins XAD-1, XAD-2, XAD-4, XAD-7 and XAD-8 and the 
activated carbons HD-3000, WV-G, and WV-B are shown in Figure 
6 and 7, respectively. Each curve, except for the WV-G curve, 
is a symmetrical S-shape. This shape indicates that equil­
ibrium between the adsorbent and the Cu(HEDC)2 within the MTZ 
is achieved within the residence time of the eluent in the 
column. It also indicates that the adsorption rate is con­
stant across the width of the MTZ. Conversely, the unsymmet-
rical shape of the WV-G carbon curve indicates that equil­
ibrium within the MTZ is not achieved and that the adsorption 
rate varies across the width of the MTZ. 
A summary of the adsorbents' physical characteristics, 
adsorption capacities (L^)^ and column efficiencies are shown 
in Table XI. A number of factors contribute to an adsorbents' 
Figure 6. Adsorption capacity breakthrough curves for XAD resins; feed solution 
concentration is 0.05 mM Cu(HEDC)2 
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Figure 7. Adsorption capacity breakthrough curves for activated carbons; feed 
solution concentration is 0.05 mM Cu(HEDC)2 
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Table XI. Physical characteristics, adsorption capacities, and column efficiencies 
for. XAD resins and activated carbons 
2 
Adsorbent Type Surface area, M /g Capacity, mmole Cu/g Efficiency 
XAD-1 styrene/DVB 100 0.03 0.51 
XAD-2 styrene/DVB 300 0.13 0.61 
XAD-4 styrene/DVB 725 0.47 0.71 
XAD-7 acrylate 450 0.24 0.62 
XAD-8 aery late 160 0.13 0.56 
HD-3000 activated carbon 600 0.38 0.64 
WV-D activated carbon 1600 1.09 0.77 
WV-G activated carbon 1100 0.48 0.52 
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capacity for a given solute, including surface area, pore 
diameter distribution, surface polarity, and solvent polarity 
(147,148). Of the XAD resins, XAD-1, 2, and 4 have the lowest 
surface polarity. Within this resin series, there is a marked 
increase in adsorption capacity with increasing surface area. 
I 
This same trend is evident in the more polar XAD-7 and 8 resin 
series. While XAD-4 has the highest adsorption capacity per 
gram of the XAD resins, it should be noted that the adsorption 
capacity of XAD-7 is comparable to XAD-4 when the difference 
in surface area is accounted for. This indicates that for the 
adsorption of Cu(HEDC)2 from aqueous solution the capacity of 
a resin is determined mainly from its surface area rather than 
its surface polarity. 
As with the XAD resins, the three activated carbons 
tested show increasing adsorption capacity with increasing 
surface area. On a per unit area basis, the adsorption ca­
pacities of Darco HD-3000 and Nuchar WV-B are almost iden­
tical, while that of the Nuchar WV-G is much lower. The 
Nuchar WV-G also shows poor adsorption kinetics, as evidenced 
by early breakthrough of the Cu(HEDC)2 and low column effi­
ciency. Since Amberlite XAD-4 resin and Nuchar WV-B carbon 
exhibited the highest adsorption capacities of the adsorbents 
tested, these were chosen for further study. 
The effect of increasing concentrations of methanol, eth-
anol, and 2-propanol on the adsorption capacity breakthrough 
curves for XAD—4 resin and WV-B carbon are shown in Figures 
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8-13. The calculated adsorption capacities versus the per­
centage of organic solvent are shown in Figures 14 and 15, 
respectively. As would be expected, the adsorption capacities 
decrease with increasing concentrations of organic solvent. 
The solvent strength being 2-propanol > ethanol > methanol. 
As the organic solvent concentration in the eluent in­
creases, several factors combine to decrease the overall ad­
sorption capacity. The solvent has a higher affinity for the 
hydrophobic surface of the adsorbent than does water, and thus 
tends to displace water from the adsorbent surface. The pres­
ence of solvent molecules on the adsorbent surface raises the 
surface free energy which, in turn, lowers the difference in 
adsorption potential between the solute and the adsorbent sur­
face. This competition between solvent and solute molecules 
for adsorption sites leads to a lower adsorption capacity for 
the solute. The increased organic solvent concentration also 
increases the solubility of the Cu(HEDC)2. There is an inverse 
relationship between a solutes solubility and the corresponding 
adsorption capacity (148). 
The WV-B carbon shows a much higher adsorption potential 
for the CU(HEDC)2 than does the XAD-4 resin. This is evident 
from comparing the concentrations of organic solvent required 
to effect a 50% decrease in adsorption capacity, as shown in 
Table XII. In each case, the required concentration of organ­
ic solvent is higher for the WV-B carbon than for the XAD-4 
Figure 8. Adsorption capacity breakthrough curves for XAD-4 resin with increasing 
concentrations of methanol; feed solution concentration is 0.05 mM 
Cu(HEDC)2 
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Figure 9. Adsorption capacity breakthrough curves for XAD-A resin with increasing 
concentrations of ethanol; feed solution concentration is 0.05 raM 
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Figure 10. Adsorption capacity breakthrough curves for XAD-4 resin with increasing 
concentrations of 2-propanol; feed solution concentration is 0.05 mM 
Cu(HEDC)2 
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Figure 11. Adsorption capacity breakthrough curves for WV-B carbon with increasing 
concentrations of methanol; feed solution concentration is 0.05 mM 
Cu(HEDC)2 
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Figure 12. Adsorption capacity breakthrough curves for WV-B carbon with increasing 
concentrations of ethanol; feed solution concentration is 0.05 mM 
Cu(HEDC)2 
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Figure 13. Adsorption capacity breakthrough curves for WV-B carbon with increasing 
concentrations of 2-propanol; feed solution concentration is 0.05 mM 
Cu(HEDC)2 
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Figure 14. Adsorption capacities of XAD-4 resin as a function 
of increasing organic solvent concentration 
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Figure 15. Adsorption capacities of WV-B carbon as a function 
of increasing organic solvent concentration 
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resin. The importance of this will be shown later when the re­
generation of the adsorbents is discussed. 
Table XII. Concentration of organic solvent required to 
effect a 50% decrease in adsorption capacity 
Adsorbent Methanol, % Ethanol, % 2-Propanol,% 
Amberlite XAD-4 13.5 7.2 3.7 
Nuchar WV-B 30.0 20.0 13.2 
The effect of increasing concentrations of sodium chloride 
on the adsorption capacity breakthrough curves for XAD-4 resin 
is shown in Figure 16. The calculated adsorption capacities 
are summarized in Table XIII. The increase in adsorption ca-
Table XIII. Adsorption capacity of Cu(HEDC)2 on XAD-4 resin 
with increasing sodium chloride concentrations 
Sodium chloride, % Capacity, mmole Cu/g 
0 0.47 
5 0.54 
1 0  0 . 6 0  
15 0,67 
Figure 16. Adsorption capacity breakthrough curves for XAD-A resin with increasing 
concentrations of sodium chloride; feed solution is 0.05 mM Cu(HEDC)2 
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pacity with increasing sodium chloride concentrations is due to 
the same factors which were discussed earlier. The high salt 
concentration lowers both the surface free energy of the ad­
sorbed water molecules and the solubility of the Cu(HEDC)2 
in solution. These forces combine to increase the net adsorp­
tion potential of the Cu(HEDC)2 on the XAD-4 resin surface, 
which results in the higher adsorption capacities. The ability 
of the XAD-4 resin to effectively adsorb Cu(HEDC)2 from high 
salt solutions indicates that this process would be useful for 
removing trace metals from solutions such as brines. 
Regeneration of Adsorbents 
Once an adsorbent column has become saturated with solute 
the adsorbent must be regenerated. Thermal regeneration is the 
most widely used technique for regenerating spent activated 
carbon. The Amberlite XAD resins are typically regenerated 
with aqueous acid or base, or with an organic solvent. Since 
the metal chelates of HEDC are non-volatile, thermal regen­
eration of the Nuchar WV-B carbon was not investigated. Two 
approaches to the regeneration of the adsorbents were con­
sidered. The first is to destroy the metal chelate on the 
column and then elute the free metal ion. The second is to 
elute the metal as the intact HEDC chelate. Preliminary 
studies using aqueous sulfuric acid solutions to elute ad­
sorbed Cu(HEDC)2 from XAD-4 resin were not promising. Extended 
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column washing was required to elute even a small percentage of 
the adsorbed Cu(HEDC)2. Thus, this approach was abandoned in 
favor of elating the adsorbed CuCHEDCjg with an organic sol­
vent. 
Methanol, ethanol, and 2-propanol were evaluated for de-
sorbing Cu(HEDC)2 from XAD-4 resin and WV-B carbon. Desorption 
curves for the two adsorbents are shown in Figures 17 and 18, 
respectively. For the XAD-4 resin all three solvents show 
essentially the same desorption behavior. The column eluate 
reaches a maximum copper(II) concentration of between 750 and 
900 mg/L at the two mL mark. After 12 mL the copper(II) con­
centration in the eluate has dropped to zero, which completes 
the desorption step. For the WV-B carbon, the three solvents 
show similar, but not identical, desorption behavior. The 
ethanol and 2-propanol eluates reach a maximum copper(II) con­
centration of between 375 and 400 mg/L at the three mL mark, 
while the methanol eluate reaches a maximum of 450 mg/L at the 
four mL mark. After desorbing with 30 mL of solvent, each 
eluate still has a copper(II) concentration of 25 mg/L. 
The cumulative percentage of desorbed copper(II) for each 
of the six desorption curves is shown in Figure 19. All three 
solvents desorbed virtually 100% of the copper(II) from the 
XAD-4 resin within 12 mL. After desorbing the WV-B carbon 
with 20 mL of methanol, ethanol, and 2-propanol, the copper 
(II) recoveries were 81%, 85%, and 69%, respectively. The 
Figure 17. Desorption of 0.05 mmole Cu(HEDC)2 from XAD-4 
resin with methanol, ethanol, and 2-propanol 
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Figure 18. Desorption of 0.05 mtnole Cu(HEDC) from WV-B carbon resin with methanol, 
et h and, and 2 -propanol 
450 
400 
o METHANOL 
" ETHANOL 350 
* 2-PROPANOL 
300 
O 
en 
E 200 
150 
100 
50 
2 0  
ELUTION VOLUME (mL) 
F i g u r e  1 9 .  C u m u l a t i v e  p e r c e n t a g e  o f  c l e s o r b e d  C u ( I I I ' D C )  ;  s o l i d  s y m b o l s :  X A D - 4  r e s i n  
o | ) e n  s y m b o l s :  W V - I Î  c a r  I )  o n  
100 
60 
Z 40 
CL 20 
0 
0 
EILUTION 
© o METHANOL 
H OETHANOL 
A A 2-PROPANOL 
vD 
O 
_J , I , 1 I I 1 I 1 L_ 
10 12 14 16 18 20 
VOLUME (mL)  
9 1  
low regeneration efficiency of the WV-B carbon is due to its 
high adsorption potential for the Cu(HEDC)^. Conversely, the 
XAD-4 resin has a relatively low adsorption potential for the 
Cu(HEDC)^ and is regenerated more completely with less solvent. 
Since all three solvents gave essentially similar desorption 
results for the two adsorbents, methanol was used during the 
remainder of this study. 
A series of six adsorption-desorption cycles were run on a 
single column of both XAD-4 resin and WV-B carbon. Each de­
sorption step with methanol was continued until the copper(II) 
concentration in the eluate was below 1.0 mg/L. The six ad­
sorption capacity breakthrough curves for the XAD-4 resin were 
essentially identical for all six adsorption steps. The six 
adsorption capacity breakthrough curves for the WV-B carbon are 
shown in Figure 20. The calculated adsorption capacities for 
each adsorbent are shown in Table XIV. The adsorption capaci­
ties for XAD-4 resin are constant, within experimental error, 
indicating that capacity recovery is complete after each re­
generation cycle. The WV-B carbon shows a capacity loss of 
5.5% after the first cycle and 12.8% after the second cycle. 
After the third regeneration cycle, the adsorption capacity re­
mains essentially constant. Thus, during the first two ad­
sorption cycles, a fraction of the Cu(HEDC)^ is adsorbed ir­
reversibly . 
Irreversible adsorption on activated carbon is usually 
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Table XIV. Effect of multiple adsorption-desorption cycles on 
adsorbent capacity 
Adsorption Cycle XAD-4 mmole Cu/g WV-B mmole Cu/g 
1 0.47 1.09 
2 0.48 1.03 
3 0.46 0.95 
4 0.47 0.94 
5 0.47 0.95 
6 0.48 0.95 
attributed to trapping of the solute in micropores or to chem-
isorption of the solute onto high-energy sites on the carbon 
surface. These high-energy sites are thought to consist of 
carboxyl, hydroxyl, and carbony 1 groups that are formed during 
the oxidative activation of the carbon (1491. Micropores 
would be expected to be present in both the XAD-4 resin and 
WV-B carbon, while high-energy adsorption sites should be 
present only on the WV-B carbon surface. Thus, it is reason­
able to interpret the loss of adsorption capacity of the WV-B 
carbon as being the result of chemisorption of the Cu(HEDC)^ 
onto the high-energy sites located on the carbon surface. 
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Treatment of Industrial Wastewater 
Based upon the results presented in Part I of this dis­
sertation, the majority of transition and heavy metals which 
are of regulatory concern should be amenable to treatment by 
the NaHEDC adsorption process. The untreated electroplating 
wastewater used for this study contained high concentrations 
of only nickel(II) and zinc(II). In order to more effectively 
show the scope of the .VaHEDC adsorption process the wastewater 
was spiked with additional concentrations of cadmium(II), 
copper(II), lead(II), and mercury(II). Results obtained for 
the removal of these metals by chelation with NaHEDC and ad­
sorption on XAD-4 resin or WV-B carbon are shown in Table XV. 
The concentrations are below the analytical detection limits 
for all the metals except nickel and zinc. These metal con­
centrations are well below those reported for the removal of 
copper(II) and nickel(II) from plating wastewater by precip­
itation with dimethyldithiocarbamate (127). In the presence 
of tartrate, residual concentrations of copper(II) and 
nickel(II) were 0.30 mg/L and 0.13 mg/L, respectively (initial 
concentrations were 2.0 mg/L Cu(II) and 1.0 mg/L Ni(II)). The 
effluent metal concentrations reported in Table XV are all 
well below any present regulatory limit. If the wastewater 
contains EDTA metal complexes, the NaHEDC adsorption method 
will be effective in removing only copper(II) and mercury(II). 
If cyanide metal complexes are present in the wastewater only 
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cadmiura(II) and lead(II) can be removed. 
When the treated wastewater elutes from the adsorbent 
column it contains excess NaHEDC. It may be undesirable to 
discharge this residual NaHEDC into the environment. Treat­
ment of the wastewater with an oxidant such as chlorine or 
hydrogen peroxide prior to discharge effectively destroys any 
residual NaHEDC. 
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CONCLUSIONS 
The NaHEDC adsorption process for removing metal ion 
pollutants from industrial wastewater has been successfully 
demonstrated. Amberlite XAD-4 resin and Nuchar WV-B activated 
carbon were found to be the most effective adsorbents of those 
tested. Both adsorbents can be effectively regenerated with 
methanol. The XAD-4 resin showed no loss of adsorption ca­
pacity after extended use. The WV-B carbon exhibited a loss 
of adsorption capacity due to irreversible adsorption of the 
Cu(HEDC)^. Both adsorbents were effective in removing metal 
ion pollutants from an electroplating wastewater containing 
tartrate. The NaHEDC adsorption process has been demonstrated 
for removing cadmium, copper, mercury, nickel, lead, and zinc 
from wastewater. It should also work with other metals that 
form chelates with NaHEDC, such as bismuth, cobalt, silver, and 
thallium. 
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PART III. DETERMINATION OF COBALT, COPPER, MERCURY, 
AND NICKEL AS BIS(2-HYDROXYETHYL)DITHIOCARBAMATE 
COMPLEXES BY HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 
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INTRODUCTION 
The application of high-performance liquid chromatography 
(HPLC) to the separation and determination of metal ions has 
been slower to develop than methodology for the analysis of 
organics. Column technology and detection of the separated 
metal ions are the reasons most commonly cited for this slower 
development. Until recently, most metal ion separations have 
been performed on low to medium resolution ion-exchange 
columns, with analysis of collected fractions for quantitation. 
The advent of high-performance ion-exchange columns coupled 
with automatic post-column detection has greatly improved both 
the resolution and detection limits of metal ion separations by 
ion-exchange (150-153). 
The separation and determination of metal ions by both 
normal- and reversed-phase HPLC has also received a growing 
amount of attention in recent years. These methods are based 
upon the pre-column formation, separation, and subsequent de­
tection of metal chelates. The first such report using this 
technique demonstrated the separation of six metal acetyl-
acetonates by normal-phase HPLC with automatic detection at 
310 nm (154). A number of chelating ligands have subsequently 
been investigated, including beta-ketoamines (155,156), a sub­
stituted porphyrin (157), 4-(2-pyridylazo)resorcinol (158,159), 
8-hydroxyquinoline (160), and beta-diketones (161). Three re­
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views have summarized the work being done in this field (162-
164) . 
The disubstituted dithiocarbamates (DTC) have been used 
extensively for the separation of trace metal ions by both 
normal- and reversed-phase HPLC. Their ability to form stable 
chelates with a number of metal ions makes them ideal for this 
type of application. The dithiocarbamates used thus far for 
the HPLC separation of metal ions all form water-insoluble 
metal complexes. Thus, they must be extracted into an organic 
solvent such as chloroform prior to the chromatographic sep­
aration. When using normal-phase HPLC the organic extract can 
be directly injected onto the separating column. When using 
reversed-phase HPLC the organic extract must be evaporated to 
dryness and then redissolved in the mobile phase prior to in­
jection. Both techniques lengthen the analysis time and in­
crease the possibility of contamination. 
The purpose of the present work was to examine the use of 
ammonium bis(2-hydroxyethyl)dithiocarbamate (AHEDC) as a pre-
column derivatizing reagent for the reversed-phase HPLC sep­
aration of trace metal ions. The water soluble metal complexes 
formed by AHEDC are ideally suited for reversed-phase HPLC. 
Separations and quantitative determinations are presented for 
four metal complexes. Procedures using both direct aqueous 
injection and enrichment on an on-line reversed—phase precon-
centrator column are described. 
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Literature Review 
The use of dithiocarbamates in the separation of metal 
ions by HPLC was first suggested by Hulanicki in 1967 (165). 
The first actual separations were not published until a decade 
later, in 1977. Uden and Bigley (166) have used diethyl-DTC 
for the separation of Cu(II), Ni(II), and Co(III) by normal-
phase HPLC on spherical silica. Detection of the chelates was 
by UV absorption at 254 nm. Heizmann and Ballschmiter (167) 
have studied the separation of As(III), Cd(II), Cc(III), 
Cu(II), Hg(II), Ni(II), and Zn(II) using diethyl-DTC, benzyl-
methyl-DTC, and diethoxyethy1-DTC. All separations were per­
formed by normal-phase HPLC with detection at 360 nm. In a 
later paper Haring and Ballschmiter (168) reported on the re-
versed-phase HPLC separation and determination of Co(III), 
Cu(II), and Ni(II) using diethyl-DTC. These three metals were 
determined in the range of 0.2-10 ^ g/L by enrichment of a 50-mL 
sample onto a reversed-phase preconcentrator column. In order 
to avoid ligand exchange, memory, and contamination phenomena, 
an all glass and Teflon system was used. 
A series of papers by Liska et al. have reported the in­
fluence of the N-substituents and mobile phase composition on 
the normal-phase HPLC of Ni(II)-DTC complexes (169-172). They 
have also described the separation of the diethyl-DTC complexes 
of Cd(II), Co(III), Cr(III), Cu(II), Fe(II), Mn(II), Ni(II), 
Pb(II) and Zn(II). O'Laughlin and O'Brian (173) have also used 
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diethyl-DTC for the normal-phase separation of Cd(II), 
Co(III), Cu(II), Hg(II), Ni(II), Pb(II), and Zn(II). Detec­
tion limits in the range of 5-210 nanograms were reported. 
The reversed-phase separation of Cd(II), Co(III), Cu(II), 
Hg(II), Ni(II), Pb(II), Se(IV), and Zn(II) using diethyl-DTC 
and tetramethylene-DTC has been studied by Schwedt (174, 175). 
A procedure for the determination of selenium(IV) as the di-
ethyl-DTC complex in the pico- to nanogram range was pre­
sented. A method for the determination of Pt(II) in urine by 
the reversed-phase HPLC separation of the diethyl-DTC complex 
has been reported (176). Several other authors have reported 
on the separation of metal ion with diethyl-DTC by either 
normal- or reversed-phase HPLC (177-180). 
Hutchins et al. have used Waters Radial Compression col­
umns for the reversed-phase separation of the diethyl-DTC com­
plexes of Cd(II), Co(III), Cr(III), Cu(II), Hg(II), Ni(II), 
Pb(II), Se(IV), and Te(IV) (181). The Radial Compression col­
umn is reported to show less ligand exchange reactions than 
stainless steel columns. The method was applied to the simul­
taneous determination of both organic and inorganic species in 
a synthetic electroplating solution. A series of papers by 
Bond and Wallace (182-185) have reported on the automated de­
termination of Cd(II), Co(III), Cu(II), Hg(II), Ni(II), and 
Pb(II) as either the pyrrolidine-DTC or diethyl-DTC complexes. 
The dithiocarbamate is contained in the eluent and the metal 
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complexes are formed iji situ. Either electrochemical or spec-
trophotometric detection is used. Carr and Shih have reported 
the synthesis of a new dithiocarbamate, namely bis(n-butyl-
2-naphthylmethyldithiocarbamate)zinc(II) (22). This reagent 
forms relatively inert complexes with Co(III), Cu(II), 
Fe(III), Hg(II), and Ni(II), which can subsequently be sep­
arated by reversed-phase HPLC. Detection limits in the range 
of one to ten nanograms were reported. 
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EXPERIMENTAL 
Apparatus 
Initial investigations on the separation of metal dithio-
carbamates were performed using a home-built liquid chromato-
graph. Components of the system consist of a Milton Roy Mini-
Pump (Laboratory Data Control, Riviera Beach, FL), two 0-6000 
PSI pressure gauges, a Valco six-port injection valve (Valco 
Instruments, Houston, TX), and a Tracor Model 970 variable 
wavelength detector (Tracor Instruments, Austin, TX). Pump 
pulsations are dampened by placing a 10cm x 4.6mm ID column, 
packed with 37-44 micron silica, in-line between the two pres­
sure gauges. Final separations and all quantitative work were 
performed with a Gilson Binary Gradient HPLC (Gilson Inter­
national, Middelton, WI). This system consists of two Model 
302 pumps, one Model 602 Manometric module, one Model 811 
Dynamic Mixer module, and an Apple HE based gradient control­
ler. A Kratos Model 783 variable wavelength detector (Kratos 
Analytical Instruments, Ramsey, NJ) was used for peak detec­
tion. Peak areas and retention times were measured with a 
Hewlett Packard Model 3392 Computing Integrator (Hewlett 
Packard, Palo Alto, CA). 
A Supelcosil (Supelco, Bellefonta, PA) C-18 reversed-
phase column (25cm x 4.6mm ID, 5 micron particle size) was used 
for the separation of Co(III), Cu(II), Hg(II), and Ni(II). 
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For the specific separation and determination of Hg(II) a 
Supelcosil C-8 reversed-phase column (7.5cm x 4.6cm ID, 3 
micron particle size) was used. Both columns were protected 
by a Supelcosil C-18 guard column (2cm x 4.6cm ID, 5 micron 
particle size) placed between the injector and the analytical 
column. 
The on-line preconcentration of mercury dithiocarbamate 
was accomplished using the system shown in Figure 21. A 
Supelcosil C-18 guard column (2cm x 4,6mm ID, 5 micron par-
ticla size) is placed in the injection loop and is used as the 
on-line preconcentrator column. In the load position (Figure 
21 (a)), sample is pumped through the preconcentrator column 
to waste by an auxiliary pump. When the valve is switched to 
the inject position (Figure 21(b)), flow through the precon­
centrator column is reversed and the adsorbed Hg(II) dithio­
carbamate is backflushed onto the analytical column. 
Absorption spectra of the metal dithiocarbamate complexes 
were obtained with a Beckman Model DB-GT Grating Spectropho­
tometer (Beckman Instruments, Irvine, CA). 
Reagents 
Ammonium bis(2-hvdroxyethyl)dithiocarbamate 
Ammonium bis(2-hydroxyethyl)dithiocarbamate was prepared 
by a modification of the procedure described by Fritz and 
Sutton (45). Dissolve 10.5 grams (0.10 mole) diethanolamine in 
Figure 21. Valving sequence for the on-line preconcentration of Hg(HEDC)„; 
(a) load sample onto preconcentrator column; (b) backflush 
adsorbed Hg(HEDC)2 from preconcentrator column onto analytical 
column 
analytical column 
eluent 
pump 
to detector 
concentrator 
column to waste 
sample 
pump 
( a )  
analytical column 
eluent 
pump 
to detector 
concentrator 
column to waste 
sample 
pump 
( b )  
109 
50 lîiL methanol. Add 150 mL tetrahydrofuran and 10 mL (0.15 
mole) concentrated ammonium hydroxide. Cool the solution in an 
ice bath to below 10°C and add dropwise, with stirring, 5.0 mL 
(0.11 mole) carbon disulfide. Allow the solution to stand for 
several hours in the ice bath to crystallize the product. 
Filter, wash with tetrahydrofuran, and dry the crystals under 
vacuum at ambient temperature. Yield of ammonium bis(2-
hydroxyethyl)dithiocarbamate is 16.5 grams (84%): mp 106°C. 
Anal. Calcd for C5H^^N202S2: C, 30.28; H, 7.12; N, 14.13. 
Found: C, 30.38; H, 7.14; N, 14.07. 
Metal dithiocarbamates 
Bis(2-hydroxyethyl)dithiocarbamate complexes of Ag(I), 
Cd(II), Co(III), Cu(II), Hg(II), Ni(II), Pb(II), and Zn(II) 
were prepared by mixing aqueous metal nitrate and aqueous di­
thiocarbamate solutions (60,62). The resultant precipitates 
were filtered, washed, dried under vacuum, and recrystallized 
from ethanol/water. The pure metal dithiocarbamate complexes 
were dissolved in methanol and the absorption spectra of each 
complex was recorded. 
Standards and solutions 
Stock 1000 mg/L metal ion standards were purchased from 
Fisher Scientific (Fair Lawn, NJ). Trace metal ion solutions 
of known concentration were prepared by dilution of metal ion 
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quality control standards supplied by the U.S. Environmental 
Protection Agency (Quality Assurance Branch, E.M.S.L., Cin­
cinnati, OH). All solutions were prepared using Milli-Q puri­
fied water (Millipore, Bedford, MS). 
Triethylammonium acetate buffer (0.5 M) was prepared by 
dissolving 25.3 grams triethylamine in 300 mL water and neu­
tralizing to pH 6.5 with acetic acid. The solution was passed 
through a 1-cm bed of 74-105 micron XAD-4 resin to remove im­
purities and then diluted to 500 mL with water. 
Chromatographic eluents were prepared from HPLC grade 
methanol and acetonitrile. All eluents were made-up to contain 
0.025 M triethylammonium acetate buffer and were degassed by 
helium sparging. Metal ion standards and samples were buffered 
to pH 6.5 with 0.025 M triethylammonium acetate. A stock so­
lution of 0.10 M AHEDC was prepared fresh daily. Generally, 
0.25 mL of this solution was added to 25 mL of standard or 
sample to form the metal dithiocarbamate complexes. 
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RESULTS AND DISCUSSION 
The analytical method is based upon the pre-column for­
mation, separation, and subsequent detection of the metal 
bis(2-hydroxyethyl)dithiocarbamate complexes. The ammonium 
salt of HEDC was used in this study for the formation of the 
metal dithiocarbamate complexes because it is easier to prepare 
and contains less contaminants than the sodium salt. Based 
upon qualitative observations of the color of each salt after 
several months storage, the ammonium salt also appeared to be 
more stable. 
Detection of Metal HEDC Complexes 
The results presented in Part I of this dissertation on 
the adsorption of HEDCrmetal complexes on XAD-4 resin suggested 
that the following metal ions may be amenable to HPLC analysis: 
Ag(I), Cd(II), Co(III), Cu(II), Hg(II), Ni(II), Pb(II), and 
Zn(II). The spectrophotometric detection of these metal com­
plexes is based upon their UV-visible absorption spectra, which 
are shown in Figures 22-25. The UV absorption spectrum of un-
complexed AHEDC is shown in Figure 26. The simultaneous de­
termination of Co(HEDC)G, CU(HEDC)2, and Ni(HEDC)2 can be 
achieved by monitoring the absorbance at 405 nm. All of the 
HEDC metal complexes can be detected by monitoring the absor­
bance at 255 nm. 
Figure 22. Absorption spectra of bis(2-hydroxyethyl)dithiocarbamate complexes 
of Ag(I) and Cd(II) 
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Figure 23. Absorption spectra of bis ( 2-hy cl r oxy e thy 1 ) di thiocar bama t e complexes 
of Cu(II) and Ni(II) 
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Figure 24. Absorption spectra of bis(2-hydroxyethyl)dithiocarbamate complexes of 
Co(III) and Hg(II) 
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Figure 25. Absorption spectra of bis(2-hydroxyethyl)dithiocarbamate complexes of 
Pb(II) and Zn(II) 
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Figure 26. Absorption spectrum of ammonium bis(2-hydroxyethy 1)dithiocarbamate 
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Separation of Metal HEDC Complexes 
Initial investigations on the separation of CoCHEDC)^. 
Cu(HEDC)2, and Ni(HEDC)2 showed that these complexes could be 
well resolved, with good peak shape, using binary mixtures of 
methanol and water. However, it was noted that after several 
days of operation both peak shape and resolution began to de­
teriorate significantly. This was due to ligand exchange re­
actions with trace amounts of metal oxides present in the chro­
matographic system. This problem has also been pointed out by 
several other workers (168, 181, 186-188). The problem was 
overcome by a two-step process. First, with the column off­
line, stainless steel components of the HPLC system were pas-
sivated by flushing the system with a 5% (vol/vol) nitric acid 
solution. Second, with the column on-line, a 0.01 M solution 
of disodium EDTA was pumped through the system. 
It was also noted that the peak areas of the separated 
metal complexes varied considerably (>20%) with repeated in­
jections of the same sample. It is believed that these var­
iations are from interaction of the metal complexes with re­
sidual silanol groups on the C-18 column packing. This has 
been observed for the reversed-phase separation of other polar 
compounds (189-191). The addition of 0.025 M triethylammonium 
acetate (TEAA) buffer effectively blocks the effects of the 
residual silanols, as shown by the following equations. The 
use of chromatographic eluents containing TEAA buffer gave re-
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-Si-0~ + EtgNH* -Si-0" ^ HNEtg (14) 
-Si-OH + EtgN -Si-0" "^HNEt^ (15) 
-Si-OH + AcO~ -Si-OT. .hI". ."OAc (16) 
producible quantitation of the metal complexes. 
Studies were performed using aqueous solutions of the 
eight metal:HEDC complexes with both methanol/water and aceto-
nitrile/water eluents. The complexes of Cd(II) and Pb(II) gave 
ill-defined, irreproducible shoulders on the reagent peak. No 
peak was observed for the Zn(II) complex. The Ag(I) complex 
could not be resolved from the excess reagent peak with either 
acetonitrile or methanol based eluents. The complexes of 
Co(III), Cu(II), Hg(II), and Ni(II) were suitable for chromato­
graphic analysis using methanol/water eluents. The dependence 
of the capacity factor, k', on the mobile phase composition for 
the four metal complexes is shown in Figure 27. A typical sep­
aration is shown in Figure 28. 
When acetonitrile based eluents were used for the sep­
aration the peak areas of the four metal complexes were re­
duced by as much as 40% compared to methanol based eluents. 
The capacity factors were also reduced considerably more than 
would be predicted from published solvent iso-eluotropic series 
Figure 27. Dependence of log k' on methanol concentration for 
the reversed-phase separation of metal:HEDC com­
plexes; column: 25cm x 4.6mm ID, 5 micron, C-18; 
eluents: methanol/water, 0.025 M TEAA 
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for reversed-phase separations (192). Thus, a 15% acetonitrile 
eluent is required to give the same k' values as a 45% methanol 
eluent. This is significantly less than the predicted 36% 
acetonitrile. It is believed that the nitrile group in the 
solvent is acting as a competing ligand with the dithiocarbam­
ate group for the coordination sites of the metals. This 
effect has not been reported previously with other dithiocar-
bamate reagents. The apparent interference of acetonitrile 
with the separation process requires that only methanol based 
eluents be used for quantitative work. 
The poor peak shape for Cd(II) and Pb(II), and the lack of 
a peak for Zn(II), are consistant with the results of several 
other studies which have used other dithiocarbamate reagents. 
These metals form relatively unstable dithiocarbamate complexes 
and are apparently broken-up during the separation process. 
Determination of Co(III) , Cu(II), and Ni(II) 
These three metal ions can be quantitatively determined 
by the direct aqueous injection of their HEDC complexes. This 
eliminates the need for a preliminary extraction step into an 
organic solvent. The metal complexes are detected at 405 nm, 
which minimizes the possibility of interferences from UV ab­
sorbing organic compounds when using a lower wavelength. A 
typical separation is shown in Figure 29. 
Simultaneous calibration plots were prepared for the three 
Figure 29. Separation of Metal:HEDC complexes; 0.50 ng/uL 
each of Co(III), Ni(II), and Cu(II); 10 p L  sample; 
eluent: 45% methanol, 0.025 M TEAA; detection at 
405 nm 
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metals, as shown in Figure 30. Excellent linearity is ob­
served over approximately three orders of magnitude. Detec­
tion limits, expressed as both absolute mass units and con­
centration units, are shown in Table XVI. These were deter­
mined using a signal to noise ratio of 3:1. These are well 
Table XVI. Detection limits^ for metal HEDC complexes 
Detection Limit 
Element Mass, ng Concentration, mg/L 
Co(III) 0.05 0.005 
Cu(II) 0.07 0.007 
Ni(II) 0.09 0.009 
Based upon a 10-^1 injection. Conditions are as 
described in Figure 29. 
below previously reported detection limits for these metals 
using other dithiocarbamates (22, 181, 185). Precision data 
for ten replicate injections of a standard containing 0.25 
mg/L each of Co(III), Cu(II), and Ni(II) are shown in Table 
XVII. The coefficients of variance are within expected limits 
of error for this type of analysis. 
To show the applicability of the method a sample of elec­
troplating wastewater from the waste treatment plant of a 
major home appliance manufacturer was analyzed. The sample 
was also spiked with the USEPA standard and recoveries of 
Figure 30. Calibration plot for the determination of Co(III), 
Ni(II), and Cu(II); conditions as described in 
Figure 29 
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Table XVII. Precision data^ for 
Cu(II), and Ni(II) 
determination of Co(III), 
Injection 
Area Counts 
Co(III) Cu(II) Ni(II) 
1 199,650 174,110 115,760 
2 209,100 176,870 128,700 
3 203,170 168,750 123,030 
4 206,880 172,600 118,170 
5 208,110 165,740 125,010 
6 202,560 167,540 122,620 
7 208,050 176,240 120,170 
8 206,670 173,690 122,810 
9 206,230 172,220 117,600 
10 209.270 165,650 118,620 
Mean 205,969 171,341 121,240 
SDg 3,169 4,150 3,932 
cv ,% 1.54 2.42 3.24 
^Injection of 10-jaL; standard contains 0.25 mg/L each 
of Co(III), Cu(II), and Ni(II). Chromatographic conditions 
are as for Figure 29. 
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Co(II), Cu(II), and Ni(II) were calculated. Results are shown 
in Table XVIII. These results were compared to those ob­
tained from analysis of the samples by AAS and were found to 
be in good agreement. 
Table XVIII. Analysis^ of electroplating wastewater for 
Co(III), Cu(II), and Ni(II) 
Element Initial mg/L^ mg/L Added mg/L Found Recovery,% 
Co(III) 
Cu(II) 
Ni(II) 
BDL^ 
0.13 ± 0.004 
0.57 ± 0.02 
0 . 2 6  
0.34 
0 . 2 1  
0.26 ± 0.004 
0.46 ± 0.011 
0.79 ± 0.025 
100 ± 1.5 
97 ± 3.3 
105 ± 11 
^Chromatographic conditions are as described in Figure 
29. 
^Average and standard deviation for five determinations. 
^Below detection limit. 
Preconcentration and Determination of Hg(II) 
Mercury is one of the most toxic metals known and is con­
sidered a cumulative poison in the environment (193,194). For 
these reasons there is continuing interest in the determina­
tion of trace levels of mercury in environmental samples. Of 
the four metal HEDC complexes studied, the Hg(HEDC)2 complex 
has the strongest retention on a reversed-phase column. Thus, 
chromatographic and detection conditions can be adjusted to 
provide a quick and specific method for the determination of 
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Hg(II). The Co(III), Cu(II), and Ni(II) complexes are eluted 
at or near the void volume, while the Hg(HEDC)2 complex is 
eluted as a sharp peak. The use of a short, 3 micron particle 
size C-8 analytical column provides adequate resolution and a 
relatively short analysis time. A typical separation using 
direct aqueous injection is shown in Figure 31. The detection 
limit for Hg(II) using direct injection (10-jjL sample) is ap­
proximately 10 _pg/L, which is considerably higher than the 
levels of interest in most environmental samples. 
The Hg(II) detection limit can be lowered considerably by 
an on-line preconcentration step prior to the separation. 
Connection of the adsorption column with the analytical column 
by a switching valve is the most common arrangement (195). 
The sample is pumped through the adsorption column, where the 
Hg(HEDC)2 complex is enriched at the top of the column. EDTA 
is added to the eluent to mask higher concentrations of other 
metal ions. The switching valve is next rotated and mobile 
phase flows through the adsorption column in the reverse di­
rection. The Hg(HEDC)2 complex is backflushed onto the ana­
lytical column for separation and analysis. 
Figure 32 shows the preconcentration and analysis of 5.00 
mL of a 10.0 jxg/L Hg(II) standard. There is virtually no loss 
in analytical column performance as a consequence of the essen­
tially plug-like injection of the Hg(HEDC)2 from the back-
flushed adsorption column. The effect of sample volume on the 
Figure 31. Elution of Hg(HEDC)2 standard; direct aqueous 
injection of 10 jiL ; 1.00 mg/L Hg(II); eluent: 37% 
methanol, 0.025 M TEAA, 0.001 M EDTA; detection at 
2 75 nm 
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Hg(HEDC)2 peak area is shown in Figure 33. The adsorption of 
Hg(HEDC)2 onto the preconcentrator column is quantitative over 
the range of 2 to 10 mL. Thus, sample size can be adjusted to 
either increase or decrease the effective concentration range 
of the method. 
A calibration plot for Hg(II) is shown in Figure 34. The 
response is linear over the concentration range found in most 
environmental samples. Using a 10.0 mL sample size a detec­
tion limit of 0.02 )ig/L was obtained. This is a 1000-fold im­
provement over using direct aqueous injection. Precision data 
was obtained for ten replicate determinations of a  10.0 p g / L  
standard after preconcentration of a 5.00 mL sample size. The 
coefficient of variance for these determinations is 1.8%. 
A sample of electroplating wastewater was spiked with 
USEPA standard to check the method on a real sample. Results 
are shown in Table XIX. Quantitative recovery, with good pre­
cision was obtained for the determination of Hg(II). 
Table XIX. Analysis of electroplating wastewater for Hg(II) 
Initial p . g / L  Added, p g / L  Found, p g / L  Recovery, % 
BDL^ 0.67 0,66 ± 0.01 98 ± 2 
^Chromatographic conditions as in Figure 32. Average and 
standard deviation for five determinations. 
'^Below detection limit. 
Figure 34. Calibration plot for the determination of trace 
Hg(II); on-line preconcentration of 5.00 mL stan­
dard aliquots; chromatographic conditions as in 
Figure 32 
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CONCLUSIONS 
Ammonium bis(2-hydroxyethyl)dithiocarbamate has been shown 
to be an effective pre-column derivatizing reagent for the re-
versed-phase HPLC determination of Co(III), Cu(II), Hg(II), 
and Ni(II). The metal:HEDC complexes are soluble in water, 
which eliminates the need to extract the complexes into an or­
ganic solvent prior to analysis. A method has been developed 
for the simultaneous determination of Co(III), Cu(II), and 
Ni(II) in aqueous solution. These metal ions can be determined 
in the range of 0.005-10.0 mg/L with a precision of 1.5-3.2%. 
The analysis of spiked electroplating wastewater showed good 
agreement with expected values. 
A rapid method for the determination of trace levels of 
Hg(II) in aqueous solution has been developed. The Hg(HEDC)2 
complex is preconcentrated on an on-line adsorption column 
prior to reversed-phase HPLC analysis. Hg(II) can be de­
termined in the range of 0.02-25 jig/L with a precision of less 
than 2%. The analysis of a spiked electroplating wastewater 
showed good agreement with expected values. 
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PART IV. SYNTHESIS, CHARACTERIZATION, AND ANALYTICAL 
APPLICATIONS OF 1,3-DIMETHYL-4-ACETYL-2-PYRAZ0LIN-5-0NE 
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INTRODUCTION 
The beta-diketones have found extensive use as extract-
ants and précipitants for the separation and determination of 
metal ions. They tend to be versatile reagents because of the 
ease with which they enolize, as shown below. Chelation 
0 0 O HO 
II II II I 
R—C—CH2—C—R ^— R—C—CH—C—R (17) 
keto form enol form 
occurs with the enol form of the molecule through the two oxy­
gen atoms, with charge neutralization coming from the loss of 
the acidic hydrogen. While scores of beta-diketones have been 
synthesized, the most commonly used reagents are acetylacetone 
and thenoyItrifluoroacetone. These reagents have been studied 
extensively, with several reviews being available on their ap­
plications to metal ion separations (1, p 183-192). Beta-
diketones react to form neutral chelate compounds with almost 
all di-, tri-, and tervalent metal ions, but are most useful 
for metals which have a high affinity for oxygen ligands. 
One class of beta-diketones which has received consider­
able attention in recent years is the 4-acyl-2-pyrazolin-5-
ones, which have the general structure V. There has been 
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little work on the structure of these compounds, but it seems 
,-UX 
I ^N-R 
V 
probable that they would tend to exist to a large extent in 
the enolic form. 
The most widely used reagent is l-phenyl-3-methyl-4-
benzoyl-2-pyrazolin-5-one (designated PMBP). The two phenyl 
groups present in this reagent impart a high degree of organic 
solubility to its metal complexes, which makes it a good re­
agent for solvent extraction. The purpose of the present work 
was to prepare a 4-acyl-2-pyrazolin-5-one chelating reagent 
that would form water-soluble, neutral metal complexes but 
which would strongly sorb onto a hydrophobic resin, such as 
XAD-4. Such a chelating reagent could be used for the concen­
tration and separation of metal ions in a manner similar to 
that described in Part I with bis(2-hydroxyethyl)dithiocar-
bamate. The metal ion selectivity of 4-acy1-2-pyrazolin-5-
ones is very different from the dithiocarbamates, which would 
significantly broaden the scope of this type of concentration 
technique. 
This work describes the synthesis and characterization of 
1,3-dimethy1-4-acetyl-2-pyrazolin-5-one (designated DMAP), 
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which is shown as VI. This reagent is relatively easy to pre-
Î „ s 
I /N-CH3 
VI 
pare, is stable, and reacts with a number of metal ions to 
form stable complexes. The metal complexes have fair water 
solubility and are strongly sorbed onto XAD-4 resin. A pro­
cedure has been developed for concentrating trace uranium(VI) 
chelated with DMAP from solution onto a small column of XAD-4 
resin. 
Literature Review 
The acylation of 2-pyrazolin-5-ones has been known since 
1897, when Stoltz prepared 1-phenyl-3-methyl-4-acetyl-2-pyraz-
olin-5-one by the Claisen condensation of ethylacetate with 
l-phenyl-3-methyl-2-pyrazolin-5-one (196). Three general 
methods have subsequently been used for the synthesis of 4-
acyl-2-pyrazolin-5-ones. These have been reviewed by Wiley, 
and include cyclization of aliphatic compounds, conversion of 
other 2-pyrazolin-5-ones, and conversion of other heterocycles 
(197). The most common preparative scheme involves first, the 
condensation of the 2-pyrazolin-5-one ring, and second, the 
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acylation of the ring at the number four carbon, as shown by 
the following equations. Phenylhydrazine and ethylaceto-
o 
0 0 jl 
1 2 " II 3 HgC C>^ 
R-NHNHz + R -C-CH-COR —> I N -R  (18)  
n o H H 
. R'-Ux -> (-) 
acetate are almost always used to form the pyrazolinone ring. 
Thus, the majority of 4-acyl derivatives are based upon 1-
phenyl-3—methyl-2-pyrazolin-5-one (designated as PMP). The 
acylation step is performed with either an acyl halide or acyl 
anhydride, which makes it relatively easy to substitute dif­
ferent acyl groups into the molecule (198). 
The first use of 4-acy1-2-pyrazolin-S-ones as analytical 
chelating reagents was reported by Jensen in 1959 (199-201). 
These papers examined the synthesis and solvent extraction be­
havior of eleven different 4-acyl derivatives of PMP. The 4-
capronyl—PMP derivative was found to be superior to thenoyl-
trifluoroacetone for the solvent extraction of Th(IV), U(VI), 
La(III), and certain transition metal ions. Since this early 
work by Jensen almost 200 papers have been published on the 
analytical uses of 4-acyl-2-pyrazolin-5-ones. 
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The reagent which has gained the widest acceptance is 
l-phenyl-3-methyl-4-benzoyl-2-pyrazolin-5-one. The uses of 
PMBP as a solvent extraction reagent have been reviewed by 
Minczaewski et al. (1, pp 193-195). Conditions are given for 
the solvent extraction of 29 elements, plus the rare earth 
elements. Table XX gives selected analytical applications of 
PMBP. 
Table XX. Analytical applications of 1-pIienyl-3-methyl-4-benzoyl-2-pryazolin-
5-one 
Metal Subject Studied Reference 
Actinides 
Alkaline Earths 
Am 
Am, Bk 
Am, Eu 
Ba 
Ba , Eu 
Ba, Ra 
Bk 
Cd , Cu 
Ce,Th,Ti,U 
Co 
Co, Ni 
synergistic extraction of trivalent actinides 202 
with PMBP and neutral oxygen donors 
extraction with PMBP and trioctylphosphine oxide 203,204 
extraction of Am(V) with PMBP 205 
extraction of Am(V) and Bk(V) with PMBP 206 
extraction of Am(III) and Eu(III) with PMBP and 207 
trioctylphosphine oxide 
extraction of Ba(II) from seawater with PMBP 208 
extraction of Ba(II) and Eu(III) with PMBP 209 
synergistic extraction of Ba(II) and Ra(II) with 210 
PMBP and trioctylphosphine oxide 
extraction of Bk(III) with PMBP 211 
extraction of Cd(II) and Cu(II) with PMBP 212 
extraction with PMBP from different mineral acids 213 
substiochiometric determination of Co(II) by NAA 214 
extraction of Co(II) and Ni(II) with PMBP and 215 
trioctylamine 
Table XX. (Continued) 
Metal Subject Studied Reference 
CojZn extraction of Co(II) and Zn(II) with PMBP 216 
Co,Cu,Nl extraction of Co(II), Cu(II), and Nl(II) 217 
with PMBP 
Co ,Cu,Fe,Mn ,Ni extraction with PMBP for AAS 218,219 
Zn 
Cu stability constant of Cu(II) complex 220 
Cu,Ga,In,Tl extraction with PMBP and spectrophotometric 221 
determination of Cu(II) and Ga(III) 
Fe extraction and spectrophotometric determination 222 
with PMBP 
Hf extraction studies of Hf(IV) with PMBP 223-227 
In extraction of In(III) with PMBP and high 228 
molecular weight amines 
In,So,Y extraction with PMBP 22g 
Nb,Zr extraction and separation of Nb(V) and Zr(IV) 230-231 
Ni extraction of Nl(II) with PMBP 232 
Np extraction with PMBP 233 
Np,Pa,Th,U extraction with PMBP 234 
Table XX. (Continued) 
Metal Subject Studied Reference 
Pd extraction of Pd(II) with PMBP 235 
Pu extraction of Pu(IV) with PMBP from 1-7 N nitric 236 
or sulfuric acids 
Rare Earths extraction of RE(III) with PMBP 237-240 
Tc extraction with PMBP 241 
Th PMBP-loaded polyurethane foam as an extractant 242 
for Th(IV) 
Th substoichiometric extraction of Th(IV) 243 
Th,U gravimetric determination of Th(IV) and U(VI) 244 
U extraction of U(VI) 245-247 
V spectrophotometric determination of V(V) 248 
with PMBP 
Zn extraction and stability constant of Zn(II) 249-250 
Zr extraction kinetics of Zr(IV) with PMBP 251 
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EXPERIMENTAL 
Apparatus and Reagents 
Adsorbent capacity breakthrough curves were prepared using 
the apparatus described in Part II, Metal ion separations and 
concentrations were performed using the apparatus described in 
Part I. Absorption spectra were obtained on a Beckman Model 
DB-GT Grating Spectrophotometer. 
The Amberlite XAD-4 resin was obtained from the Rohm and 
Haas Company and was cleaned and sized as described in Part I. 
Stock uranium(VI) solutions were prepared from either the 
nitrate or perchlorate salts. Methylhydrazine was purchased 
from Aldrich Chemical Company (Milwaukee, WI). All other ap­
paratus and reagents were as described in Parts I and II. 
Analytical Methods 
Absorption spectrophotometry was used for the determin­
ation of .uranium(VI) with Arsenazo I (117), lanthanum(III) 
with Arsenazo I (150), zirconium(IV) with Arsenazo III (252), 
and thorium(IV) with Arsenazo III (253). All other metal ions 
were determined by atomic absorption spectrophotometry (118). 
Synthesis of 1,3-Dimethy1-4-acety1-2-pyrazolin-5-one 
The DMAP is synthesized by a two-step reaction. First, 
the pyrazalone ring is formed by the condensation of methyl-
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hydrazine and ethylacetoacetate. Second, the pyrazalone ring 
is acetylated at the number four carbon by reaction with 
acetyl chloride. The final product is recrystallized from 
water as the monohydrate. 
The 1,3-dimethyl-2-pyrazolin-5-one (VII) is prepared by a 
modification of the procedure described by Veibel, Eggersen, 
and Lenholt (254). To a 500-mL round bottom flask fitted with 
an overhead stirrer, reflux condensor, and addition funnel add 
65.1 grams (0.5 mole) ethylacetoacetate dissolved in 100 mL 
methanol. Add dropwise, with stirring, 23.0 grams (0.5 mole) 
methylhydrazine dissolved in 50 mL methanol. CAUTION: Methyl-
hydrazine is a cancer suspect agent. Heat to reflux for 0.5 
hour, cool, and remove the methanol on a rotary evaporator. 
Recrystallize the crude product from ethylacetate. Yield of 
VII is 48.5 grams (87%): mp 117°C [lit. mp 117°C (254)]. Anal. 
Calcd for C^HgNgO: C, 53.56; H, 7.19; N, 24.98. Found: C, 
53.47; H, 7.28; N, 24.96. The IR, NMR, and mass spectra were 
all consistent with the assigned structure. 
1,3-Dimethyl-4-acetyl-2-pyrazolin-5-one (VIII) is pre­
pared by a modification of the procedure described by Jensen 
(200). To a lOO-mL round bottom flask fitted with an overhead 
stirrer, reflux condensor with drying tube, and addition fun­
nel add, with stirring, 3.7 grams (0.05 mole) calcium hydroxide 
and 2.0 mL (0.025 mole) acetyl chloride to 40 mL of dioxane 
which has been distilled from sodium metal. Dissolve 2.8 
158 
grams (0.025 mole) of VII in 10 mL hot dioxane and add, with 
vigorous stirring, to the reaction mixture within two minutes. 
The reaction mixture will thicken and increase in temperature. 
Reflux for two hours, cool, and remove the dioxane on a rotary-
evaporator. Acidify to pH 2 with 6 M hydrochloric acid and 
cool the solution (ca. 50 mL) in an ice bath for two hours. 
Filter the crystals and recrystallize from 0.01 M hydrochloric 
acid (20 mL). Yield of VIII, as the monohydrate, is 2.7 grams 
(63%):mpl22*C. Anal. Calcd for C, 48.83; H, 7.03; 
N, 16.27. Found: C, 48.95; H, 7.09; N, 16.31. 
Sorption of Metal DMAP Complexes on XAD-4 Resin 
The effect of pH and masking agents on the adsorption of 
metal DMAP complexes on XAD-4 resin was studied using the pro­
cedure described in Part I. Typically, a 10:1 molar ratio of 
DMAP to metal ion was used. The adsorbed metal DMAP complexes 
were stripped off the resin with 5.0 mL of 1.0 M nitric acid 
in ethanol and were determined by either atomic absorption or 
colorimetric methods. The percentage of metal adsorbed on the 
column was calculated from the mg metal in the original sample 
and the mg metal eluted from the column. 
Capacity breakthrough curves for the adsorption of 
U02(DMAP)2 on XAD-4 resin were prepared by pumping a solution 
containing 0.1 mM U02(N02)2» 0.5 mM DMAP, and 0.01 M buffer 
through a 100x3 mm column packed with 200 mg of 74-105 micron 
159 
XAD-4 resin. A flow rate of 1.00 mL/min was used. The column 
effluent was continuously monitored for breakthrough of the 
U02(DMAP)2 complex by recording the effluent absorbance at 
370 nm. The breakthrough curves were constructed by plotting 
the percent extraction (C/C^ x 100, C = absorbance of column 
effluent, = absorbance of column influent) against the total 
volume of column effluent. 
Characterization of Uraniura(VI) Complex 
The uranium(VI) complex of DMAP was prepared by mixing 
aqueous solutions of uranyl nitrate and DMAP and adjusting the 
pH to 5.0 with ammonium hydroxide. The resulting precipitate 
was washed, dried, and recrystallized as the monohydrate from 
ethanol/water: mp 310°C. Anal. Calcd for C^^H2gN^0^U: C, 
28.29; H, 3.39; N, 9.43. Found: C, 28.49; H, 3.41; N, 9.44. 
The pH of maximum complex formation was determined by 
measuring the absorbance at 370 nm of solutions containing 
uranium(VI) and DMAP in a 1:2 molar ratio at various pH values. 
The stoichiometry of the complex was determined at pH 5.00 by 
Job's method of continuous variations (255). 
The stability constant for the U02(DMAP)2 complex was de­
termined by the method of Garcia et al. (256). A solution 
containing 0.5 mM U02(C10^)2» 1.0 mM DMAP, and 0.10 M NaClO^ 
at pH 5.00 was successively diluted and the absorbances meas­
ured at 370 nm. Solution ionic strength was maintained by the 
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addition of NaClO^. 
Preconcentration of Uranium(VI) 
One liter of artificial seawater was spiked to contain 
0.005 mg/L of uranium(VI). This solution was buffered to pH 
5.0 with acetate buffer and the uranium(VI) was complexed by 
the addition of 10 mL of 0.020 M DMAP. One mL of 0.1 M EDTA 
was added to mask other metal ions. The solution was passed 
through the XAD-4 resin column at 50 mL per minute, washed 
twice with 10 mL portions of deionized water, and the adsorbed 
U02(DMAP)2 complex was eluted with 5 mL of 0.1 M nitric acid in 
ethanol into a 10-mL volumetric flask. The concentration of 
the eluted uranium(VI) was determined with Arsenzao I. 
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RESULTS AND DISCUSSION 
1,3-Dimethyl-4-acetyl-2-pyrazoline-5-one 
Synthesis 
The reaction scheme for the synthesis of DMAP is shown 
below. The condensation between methylhydrazine and ethyl-
o 
0 0 Ji 
II II HgC 
H3C-NHNH2+ HgC-C-CH-COEt —• I ^N-CHg ( 2 0 )  
o 
o 
II II o ^ H n 
I  N-CH3+ CH3CC: —> I .N-CH3 ( 2 1 )  
acetoacetate to form the pyrazolinone ring proceeds smoothly 
and in good yield. Initial attempts to acetylate the ring 
were performed using the procedure of Jensen. The 1,3-di-
methyl-2-pyrazolin-5-one was dissolved in warm dioxane, cal­
cium hydroxide was added, and finally the acetyl chloride was 
added. Upon the addition of the calcium hydroxide to the 
pyrazolinone solution an insoluble gum formed, which did not 
disperse with the addition of the acetyl chloride. The yield 
of DMAP using this procedure ranged from 2 to 5 percent. It 
is believed that the problem with this procedure is simply 
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that the dioxane is a poor solvent for the calcium complex of 
the pyrazolinone. After testing several other solvents, it 
was found that if the order in which the reagents are added is 
changed the yield of DMAP can be significantly improved. 
Thus, the acetyl chloride and calcium hydroxide are combined 
to form a slurry in dioxane, then the pyrazolinone is added as 
a solution in dioxane. This procedure gives a 68 percent 
yield of DMAP. 
The DMAP crystallizes from water as the monohydrate in 
the form of colorless needles. At ambient temperature DMAP 
has fair water solubility, with an upper solubility limit of 
about 0.05 M (8.6 grams/L). The solubility in basic solution 
is much higher, because of the soluble salt formation. 
Characterization 
The mass spectrum of DMAP is shown in Figure 35. The 
relatively intense molecular ion peak at m/e 154 is character­
istic of cyclic amines (257). The base peak at m/e 139 (M-15) 
is from the loss of a methyl group. Separate studies on 1,3-
dimethy1-4-trifluoroacetyl-2-pyrazolin-5-one indicate that the 
methyl group adjacent to the carbonyl is being cleaved. After 
this initial loss of the acetyl methyl group, the pyrazolinone 
ring cleaves to give a number of fragment ions. 
The NMR spectrum of DMAP is shown in Figure 35. The 
•singlet at 3.55 ppm corresponds to the methyl group bonded to 
Figure 35. Mass spectrum of DMAP 
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the nitrogen in the number one position of the ring. The two 
singlets at 2.36 and 2.38 ppm correspond to the other two 
methyl groups in the molecule. These two methyl groups are 
almost equivalent, since they are both alpha to either a C=0 
or a C=N group. The acidic hydrogen of the beta-diketone 
shows up as a broad peak between 6.9 and 4.5 ppm. 
The infrared spectrum of DMAP is shown in Figure 37. The 
KBr disc was made from DMAP that had been dried first to re­
move the water of hydration. The strong hydroxyl absorption 
band at 3271 cm ^ indicates that the DMAP is present to a 
large degree in the enol form. The intense carbonyl peak at 
1630 cm ^ is characteristic of the absorption frequency ob­
served for beta-diketones. 
The UV spectra of the molecular and enolate forms of DMAP 
are shown in Figure 38. 
The results of a thermogravimetric analysis of DMAP mono-
hydrate is shown in Figure 39. The water of hydration is com­
pletely lost at 75°C. Between 75 and 140°C the DMAP sublimes. 
Thus, sublimation can be used to produce high purity, anhy­
drous DMAP. 
The acid dissociation constant of DMAP was determined by 
aqueous titration with carbonate free sodium hydroxide at 
25.0 ± 0.1°C under an Argon atmosphere. The titration curve 
is shown in Figure 40. Analysis of 30 points along the ti­
tration curve by the method of Inczedy (258) gave a pK^ value 
Figure 37. Infrared spectrum of DMAP (KBr disc) 
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of 4.73 ± 0.01. This is in general agreement with the value 
found by Shukla et al. for PMBP in dioxane/water mixtures 
( 2 5 9 ) .  
Sorption of Metal DMAP Complexes on XAD-4 Resin 
The retention of small amounts of metal ions on a small 
column containing XAD-4 resin was studied as a function of pH. 
In addition to a 10:1 molar excess of DMAP and an appropriate 
buffer, tartrate was added to the sample solution to weakly 
complex the metal ion and avoid any precipitation. The re­
sults are shown in Table XXI. Based upon these results the 
metals can be arranged in the approximate order of increasing 
complex stability with DMAP: Mn(II) < Co(II), Ni(II), Zn(II) 
< La(II) < Fe(III) < Cu(II) < U^VI) < Th(IV) < Zr(IV). The 
Zr(IV) complex can be quantitatively adsorbed onto XAD-4 resin 
from solutions as high as 1.0 M in acid. 
When EDTA is added to the solution it effectively masks 
the DMAP complexes of the transition metals. Thus, at pH 5.0 
in the presence of EDTA, these metals are completely eluted 
from the column and can be separated from U(VI). This is the 
basis for a selective preconcentration method for trace 
amounts of uranium in water. 
Table XXI. Percentage recovery^ of metal DMAP complexes as a function of pH^ 
Element 1.0 2.0 3.0 
Solution 
4.0 5.0 
pH 
6.0 7.0 8.0 9.0 
Co(II) - - <1 32 87 92 90 60 37 
Cu(II) 21 72 99 100 100 100 98 63 16 
Fe(III) - - 93 100 100 89 61 52 34 
La(III) <1 <1 8 60 100 100 
- - -
Mn(II) - - <1 7 38 62 90 92 87 
Ni(II) 
-
- 3 50 94 97 94 88 77 
Th(IV) 92 100 100 100 100 100 
- - -
U(VI) 47 94 100 100 100 100 
- - -
Zr(IV) 100 100 100 100 100 100 
- - -
Zn(II) 
-
- <1 30 94 78 96 91 75 
^Single determination, rounded to the nearest integer. 
Tartrate added to prevent metals from precipitating at high pH. 
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Characterization and Preconcentration of 
Uranium(VI) Complex 
DMAP reacts with U(VI) to form a yellow, water-soluble 
complex. The absorption spectrum of the complex is shown in 
Figure 41. Since free DMAP does not absorb above 360 nm (see 
Figure 38), the complex maximum at 370 nm can easily be used 
for characterization of the complex. The effect of pH on the 
formation of the U(VI) complex is shown in Figure 42. The 
complex formation is at a maximum between pH 4.5 and 5.5. 
Above pH 5.5, hydroxide ions effectively compete with the DMAP 
to form uranyl hydroxide. Below pH 4.5, hydrogen ions effec­
tively compete with the uranyl ion to protonate the DMAP. 
The results of the Job's method of continuous variations 
are shown in Figure 43. A least squares analysis of the up-
slope and down-slope lines gives the intersection point at a 
DMAP mole fraction of 0.67. This corresponds to a stoichiom-
etry of U02(DMAP)2-
The formation constant of U02(DMAP)2 was determined at 
25.0 ± 0.1°C by the graphical method of Garcia (256). The 
method is based on the effect of dilution on the degree of 
dissociation of the complex. A solution of U02(DMAP)2 was 
prepared at the stoichiometric ratio and successively diluted, 
while keeping the pH and ionic strength constant. The initial 
concentration b^ is diluted by a factor ^  , and the absorbance 
A of each solution is measured. When the complex has a stoi-
chiometry of 2:1, a plot of (^^)^^^/(bg/#)^^^ versus pk will 
Figure 41. Absorption spectra of UOgfDMAPjg and 
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give a straight line. The intersection of this line with the 
abscissa gives a value of , the absorbance at when the 
degree of complexation equals 1 . The slope of the line equals 
2 1/3 (4K/A^) , which allows the calculation of the formation 
constant K. For a thorough discussion of this method, the 
reader is referred to the original paper. The results of the 
graphical interpretation of the data is shown in Figure 44. 
The thermodynamic formation constant of U02(DMAP)2 was de­
termined by this method to be log 8.64. 
The adsorption capacity breakthrough curve for U02(DMAP)2 
on XAD-4 is shown in Figure 45. The capacity at pH 5.00 was 
determined to be 0.64 mmoles U(VI) per gram. This amounts to 
a loading of 150 mg U(VI) per gram of resin, or 15% by weight. 
Several methods are available for determining low levels 
of U(VI) in water. The lower limit of detection for the di­
rect determination of U(VI) in aqueous solution is approxi­
mately 0.05 mg/L by both the Arsenazo I colorimetric method 
and inductively coupled plasma spectometry. The standard 
method recommended by the American Public Health Association 
involves fusing the dried water sample with a NaF/Na2C02/K2C02 
flux and measuring the fluorescence (260). For samples con­
taining greater than 0.02 mg/L, the method is performed di­
rectly on the dried water sample. For samples containing less 
than 0.02 mg/L, the U(VI) is concentrated by a lengthy pro­
cedure involving coprecipitation with aluminum phosphate, di-
Figure 44. Determination of U02(DMAP)2 formation constant 
by graphical method of Garcia 
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gestion, and extraction into ethylacetate. A new colorimetric 
reagent, 2-(5-bromo-2-pyridylzao)-5-diethylaminophenol, has 
been proposed for the determination of U(VI) in acidic sulfate 
leach liquors (261,262). While this reagent is more sensitive 
than Arsenazo I, preconcentration of U(VI) is still necessary 
for samples below about 0.02 mg/L. 
The preconcentration of trace levels of U(VI) with DMAP 
is based upon the selective formation of the U02(DMAP)2 com­
plex in the presence of EDTA at pH 5.00. The U02(DMAP)2 com­
plex is adsorbed onto the XAD-4 resin while the alkali, alka­
line earth, and transition metals are washed through the 
column. The U02(DMAP)2 complex is then eluted with a small 
volume of acidic ethanol. The effect of high concentrations 
of DMAP on the color formation of Arsenazo I with U(VI) was 
studied to determine if DMAP would cause an interference. The 
results show that there is no interference with color develop­
ment up to a DMAP to U(VI) molar ratio of 100:1. Thus, the 
column effluent can be treated directly with Arsenazo I after 
only adjusting the pH of the solution. 
To test the procedure one liter of an artificial seawater 
sample was spiked with 0,005 mg/L U(VI) and concentrated on a 
small column of XAD-4. The adsorbed U02(DMAP)2 was stripped 
off the column directly into a lO-mL volumetric flask, where 
the color was developed with Arsenazo I. This gave a con­
centration factor of 100. Results for five separate determin-
191 
Etions gave an average U(VI) recovery of 98+3 percent. The 
DMAP preconcentration method should be compatible with vir­
tually all the common methods for determining low concentra­
tions of U(VI). 
192 
CONCLUSIONS 
The synthesis of a new chelating reagent, 1,3-dimethyl-
4-acetyl-2-pyrazolin-5-one, is described. The reagent has 
been characterized by physical, spectral, and thermal methods. 
DMAP is soluble in water and forms neutral, water-soluble 
complexes with a number of metal ions. The strongest com­
plexes are formed with Zr(IV), Th(IV), and U(VI). These metal 
complexes can be quantitatively sorbed onto XAD-4 resin from 
acid solutions. 
The U(VI) complex with DMAP has been synthesized and 
characterized. The complex has the formula U0,(DMAP)2> with 
a formation constant of log 8.64. A procedure has been de­
veloped for concentrating trace levels of U(VI) from solution 
by complexation with DMAP and sorption on XAD-4. The method 
showed good recovery and precision for the concentration of 
trace U(VI) in artificial seawater. 
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